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I.  ANALYTIC  APPROACH 


Naval  architects  and  hydrodynamists  take  considerable  pride  in  designing  hull  forms  that  are 
“seakindly.”  There  are,  however,  few  tools  available  to  quantify  their  success  and  to  relate  their 
efforts  to  the  operational  environment  of  the  seafarer.  The  problem  is  particularly  difficult  when 
considering  the  impact  of  motion  on  the  effectiveness  of  the  crew,  sensore,  and  weapon  systems  of 
the  warship.  This  paper  presents  a methodology  for  quantitatively  assessing  the  operational  effects 
of  ship  seakeeping  characteristics,  which  is  believed  to  represent  a step  toward  an  eventual 
systematic  treatment  of  this  problem. 

The  approach  suggested  is  a relatively  simple  one.  It  requires  estimates  of  the  motions  of  a 
ship  in  various  seaways.  As  would  be  expected,  these  motions  are  dependent  on  a ship’s  design  and 
speed,  and  the  heading  of  the  sea  relative  to  the  ship,  as  well  as  the  characteristics  of  the  seaway 
itself.  If  we  also  identify  allowable  motion  limits  based  on  the  ship’s  mission,  a reasonable 
seakeeping  assessment  can  then  be  calculated.  This  paper  describes  the  analytic  approach  and  the 
computer  model  used  to  carry  out  these  calculations. 

TERMINOLOGY 

Before  proceeding  with  a general  discussion  of  the  approach,  some  terms  need  to  be 
defined: 

• Significant  wave  height.  The  average  height  of  the  highest  one-third  waves 
present  in  a seaway.  This  is  a commonly  used  oceanographer’s  term  and  is 
thought  by  many  to  be  the  height  normally  “seen”  by  mariners  making  wave 
height  observations.  Technically,  wave  height  is  defined  as  the  vertical  distance 

' from  the  crest  of  a wave  to  the  bottom  of  the  succeeding  trough. 

• Significant.  The  significant  roll  is  the  average  of  the  greatest  one-third  rolls.  The 
term  significant  is  thus  applied  to  ship  motions  in  the  same  manner  as  it  is  for 
waves. 

• Single  amplitude.  The  one-way  displacement  from  the  normal  rest  position.  For 
roll,  this  is  the  same  as  the  phrase  “vertical-to-out.” 

• Double  amplitude.  The  peak-to-peak  displacement.  It  is  equivalent  to  twice  the 
single  amplitude. 

• Heading  angle.  A 000°  heading  qngle  is  a following  sea,  while  a 180°  heading 
angle  is  a head  sea.  This  is  the  convention  used  by  the  Naval  Ship  Research  and 
Development  Center  where  the  heading  angle  is  equivalent  to  the  angle  of 
incidence  between  the  heading  of  the  ship  and  the  direction  in  which  the 
predominant  sea  is  moving. 

• Head  sea.  A head  sea  is  herein  defined  as  the  45°  sector  centered  at  the  bow, 
i.e.,  heading  angles  from  157.5°  to  202.5°. 
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• Head  sea  criteria.  Criteria  that  are  only  considered  valid  in  head  seas.  To  some 
extent  this  is  because  ship  motion  data  required  to  evaluate  the  criterion  at 
other  headings  is  not  available. 

• Modal  wave  period.  The  period  of  the  waves  associated  with  the  maximum 
spectral  energy  of  a seaway. 

• Limiting  wave  height.  The  maximum  significant  wave  height  in  which  a ship  can 
operate  without  violating  a specified  criterion.  This  is  a function  of  ship  design, 
ship  speed,  heading  angle,  and  modal  wave  period. 

• Simple  criterion.  A simple  criterion  is  herein  defined  as  a seakeeping  criterion 
whose  evaluation  is  a function  of  a single  motion  parameter.  For  example,  ten 
degrees  average  roll  is  a simple  criterion. 

• Complex  criterion.  A complex  criterion  is  herein  defined  as  a seakeeping 
criterion  whose  evaluation  is  dependent  on  two  or  more  motion  parameters.  For 
example,  a criterion  might  be  stated  as  a combination  of  conditions,  such  as  7 
feet  per  second  velocity  at  the  flight  deck,  and  3°  single  amplitude  pitch,  where 
both  of  these  conditions  must  be  exceeded  before  the  criterion  itself  is  violated. 

DISCUSSION  AND  OUTPUT  DESCRIPTION 

The  seakeeping  evaluation  described  in  this  paper  requires  a set  of  selected  seakeeping 
criteria,  i.e.,  explicit  statements  of  motion  thresholds,  such  as  12  degree  average  roll,  which  reflect 
considerations  of  personnel  or  system  effectiveness.  There  may  be  many  such  criteria  that  reflect  a 
variety  of  seakeeping  considerations. 

The  SEAMON  computer  program  is  designed  to  evaluate  these  criteria  at  discreet 
combinations  of  ship  speed,  heading,  and  modal  wave  period.  The  program  identifies  the  criterion 
that  is  violated  before  all  others  in  each  case,  and  estimates  the  significant  wave  height  at  which 
that  criterion  is  exceeded.  This  concept  might  best  be  understood  by  considering  the  “seakeeping 
matrix”  shown  in  figure  1.  The  matrix  shows  the  ship  represented  at  the  center  with  concentric 
speed  bands  of  5,  10,  15,  20,  and  25  knots.  Also  shown  are  arcs,  in  15  degree  increments,  which 
represent  the  heading  of  the  sea.  Thus,  there  are  1 20  cells  representing  unique  combinations  of  ship 
speed  and  heading  of  the  sea.  SEAMON  uses  estimates  of  the  ship  motion  to  evaluate  every 
criterion  in  each  cell  of  the  matrix  and  thus  provides  a comprehensive  seakeeping  assessment  for  a 
ship.  An  individual  matrix  may  also  be  displayed  as  a three  dimensional  seakeeping  contour. 

The  program  is  also  supplied  with  oceanographic  data  reflecting  frequencies  of  observed  sea 
conditions  in  a specified  environment.  Using  this  data,  and  straightforward  assumptions  regarding 
ship  speeds  and  headings,  the  program  calculates  the  percent  of  time  that  a ship  can  expect  to 
operate  in  the  environment  without  violating  any  criterion. 

The  foregoing  description  is  best  understood  by  observing  the  computer  program  output. 

Table  1 shows  the  first  form  of  output  that  consists  of  two  matrices  and  explanatory 
information.  The  top  matrix  contains  codes  as  a function  of  ship  speed  and  heading  (i.e.,  incidence 
angle)  of  the  seas.  These  codes  identify  the  limiting  seakeeping  criterion  as  defined  in  the  list 
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immediately  below  the  matrix.  The  bottom  matrix  identifies  the  significant  wave  height  (in  feet)  at 
which  the  specified  criterion  (from  the  top  matrix)  is  being  exceeded.  Thus,  the  two  matrices  are 
complementary.  The  top  matrix  explains  what  criterion  is  being  exceeded  first,  and  the  bottom 
matrix  identifies  the  level  of  ocean  wave  activity  at  which  that  criterion  is  exceeded.  (The 
maximum  wave  height  is  limited  by  the  variable  WAVMAX  (i.e.,  32  feet).  These  tables  are  unique 
for  the  specified  ship,  modal  wave  period  of  the  sea,  and  the  selected  criteria  actually  being 
considered,  as  identified  in  the  title  heading  at  the  top  of  the  page. 

Figure  2 shows  the  second  form  of  output,  the  three  dimensional  seakeeping  contour.  A 
contour  is  actually  a picture  of  the  lower  matrix  presented  in  table  1 . Thus,  it  too  is  unique  to  a 
specified  ship,  modal  wave  period  of  the  sea,  and  the  selected  criteria. 

A contour  represents  the  seakeeping  qualities  of  the  ship  in  seas  from  zero  to  32  feet  and  at 
speeds  from  zero  to  28  knots,  and  is  visualized  in  the  following  manner.  Consider  that  the  ship  is 
proceeding  from  left  to  right,*  and  that  a specific  direction  of  the  sea  is  represented  by  its 
corresponding  radial  directed  toward  the  center  of  the  contour  plot.  Consider  also  that  speed  is 
represented  by  concentric  circles  in  the  contour.  Thus,  the  center  of  the  contour  represents  a speed 
of  zero  knots,  while  the  outer  radius  represents  a speed  of  28  knots.  (A  convention  adapted  in 
drawing  the  contours  is  that,  at  speeds  less  than  3 knots,  the  ship  will  broach  into  beam  seas.) 

/ 

The  height  of  the  contour  reflects  the  maximum  significant  wave  height,  at  the  particular 
speed  and  heading,  that  the  ship  can  accept  without  exceeding  any  of  the  specified  seakeeping 
criteria.  The  fuller  the  contour,  the  “better”  the  seakeeping  qualities  of  the  ship. 

The  label  on  the  vertical  axis  of  the  contour  is  the  significant  wave  height  in  feet. 

Table  2 shows  the  third  form  of  output.  This  table  presents  the  basic  seakeeping  box  scores 
for  a ship  operating  in  the  North  Atlantic.  The  scores  are  determined  by  evaluating  all  of  the  “table 
1 type”  matrices  given  the  expected  sea  conditions  in  the  environment  specified.  The  numbers 
reflect  the  percent  of  time  that  the  ship  can  operate  in  that  environment  without  exceeding  any 
criterion.  The  box  scores  are  based  on  two  assumptions: 

1.  The  probability  of  encountering  a sea  at  a specific  heading  angle  is  equally 
likely  for  all  headings. 

2.  The  speed  at  which  the  ship  desires  to  operate  is  equally  distributed  at  5,  10, 
15,  20,  and  25  knots. 

This  second  assumption  can  easily  be  relaxed  by  exploring  the  effect  of  speed  on  the  box 
score;  this  is  displayed  for  the  “All  Criteria  case  shown  in  table  2.  Note  that  the  current  program 
prints  this  speed  information  for  the  “All  Criteria”  case  only.  Program  modifications  to  print  the 
speed  effect  for  other  groupings  of  criteria  are  discussed  in  section  111. 


The  contour  is  symmetric  about  this  left-to-right  axis. 
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TABLE  1 


PROGRAM  OUTPUT  EXAMPLE 


LXNXTIN6  FACTORS  FP6  T ALL  SCAKCEPXN6  CRXTCRXA 

t 1 - to  I 

IS.O  SECOND  MODAL  NAVE  FERXOD 
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SPEED  • 
(KNOTS!  • 
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SEA 

0 19 
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49 
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f9 
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90 
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120 

139  19 

1B9 

HEAD 

SEA 

100 

9 

• 

• 

0 

B 

7 

7 

7 

7 

7 

7 

7 

7 

7 

A 

10 

• 

• 

B 

0 

0 

7 

7 

7 

7 

7 

7 

7 

B 

0 

19 

0 

0 

B 

7 

7 

7 

7 

7 

7 

7 

10 

10 

20 

• 

B 

0 

B 

0 

7 

7 

7 

7 

3 

3 

10 

10 

29 

B 

0 

0 

B 

7 

7 

7 

3 

3 

3 

3 

10 

LXNXTXNO  SI 


AKEEFXNO  FACTORS 


NO  SEAKEEPXNC  THRESHOLD  EXCEEDED  FOR  NAVES  HXTH 
SXGNXFICANT  HEIGHTS  UP  TO  32.0  FEET 


12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 


3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

NOTION  SICKNESS  INDICATOR 

(20  PERCENT  CF  LABORATORY  SUBJECTS 

EXPERIENCE  EMESIS  NITHIN  2 HOURSI 


BOTTOM  PLATE  DAMAGE 


0 3 SLAHS  IN  too  NOTION  CYCLES 

B ONE  DECK  NETNESS  EVERY  THO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

B «.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

B 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 
(3/9  DETECTION  OPPORTUNITIES! 


acceptable  SIGFIFICANT  nave  height  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 
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12 

19 

IS 

19 

21 

21 

21 

20 

10 

0 

10 
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11 
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13 

20 

22 

22 
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23 

IB 

7 

10 

11 

12 

13 

13 
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12 

29 
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29 
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11 

11 

10 

10 

10 

10 

11 
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20  KNOTS 


DATA  REQUIREMENTS 
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I ■ 

i; 


The  program  requires  estimates  of  RMS  (root  mean  square)  motion  responses  in  modal  wave 
periods  of  7,  9,  11,  and  13  seconds  for  heading  angles  from  000°  to  180°  in  1 5°-increments,  and  at 
speeds  from  5 to  25  knots  in  5-knot  increments.  It  assumes  that  the  RMS  values  are  for  seas  having 
a significant  wave  height  of  1 foot,  and  that  responses  for  other  wave  heights  can  be  obtained  by 
multiplying  the  unit  RMS  response  by  the  wave  height.  Because  of  the  requirements  for  motion 
responses  in  different  modal  wave  periods,  the  data  base  requirements  would  typically  be  generated 
from  a two-parameter  sea  spectra,  such  as  the  Bretschneider  spectra. 

The  reader  may  wonder  whether  or  not  this  extensive  data  requirement  can  be  satisfied. 
Fortunately,  for  a large  variety  of  Naval  warships  and  motion  parameters,  the  answer  is  yes.  Data 
already  exist  for  the  DD  963,  FFG  7,  FF  1052,  FF  1040,  and  CG  26  classes  of  naval  warships. 
(See  work  by  Baitis,  reference  1 .)  A somewhat  limited  data  base  for  a conceptual  3,400  ton  Small 
Waterplane  Area  Twin  Hull  (SWATH)  frigate  has  also  been  developed  (reference  2).  Table  3 
identifies  the  parameters  for  which  motion  data  exist  for  the  monohulls,  while  table  4 identifies  the 
availability  of  SWATH  motion  responses.  The  specific  motion  parameters  evaluated  by  the  program 
are  determined  by  the  seakeeping  criteria  selected  by  the  user. 

SEAKEEPING  CRITERIA 

The  reader  is  reminded  that  this  paper  presents  a methodology  to  assess  the  seakeeping 
qualities  of  ships.  This  methodology  is  quite  general  and  is  in  no  way  unique  to  the  specific  criteria 
identified  in  this  paper.  Thus,  a detailed  discussion  and  justification  of  these  particular  criteria  is 
not  presented  here.  Such  a discussion  will  be  provided  in  a forthcoming  CNA  memorandum 
(reference  3),  which  specifically  addresses  a seakeeping  evaluation  of  four  selected  monohulls  and  a 
representative  Small  Waterplane  Area  Twin  Hull  (SWATH)  design. 

Evaluating  a criterion  is  solely  dependent  on  the  availability  of  the  appropriate  ship  motion 
data.  If  the  data  is  available,  imposing  the  criterion  is  straightforward.  The  only  manipulation 
required  is  to  convert  the  selected  criterion  to  an  equivalent  RMS  value  using  table  5.  (See 
references  1,  7,  8,  and  9,  for  discussions  of  ship  motion  statistics.) 

For  example,  suppose  we  believe  that  personnel  effectiveness  is  significantly  degraded  when 
the  average  roll  of  a ship  exceeds  10°  single  amplitude.  From  table  3,  the  correct  RMS  threshold  is 
8.0  (i.e,  = 10/1.25). 


I ; 


i 


TABLE  3 


MOTION  DATA  PREPARED  BY  BAITIS  ET  AL. 
FOR  THE  DD963,  CG  26.  FF  1052,  FFG  7, 
AND  FF  1040  SHIP  CLASSES 


Displacement 


Velocity 


Acceleration 


Roll 

Pitch 

Vertical  motion 
Lateral  motion 
Longitudinal  motion 


X 

X 

X 

X 

X 


X 

X 

X 


X 

X 

X 


Source;  Reference  1 


I 


Note:  The  above  data  ate  provided  for  both  longcrested  and  shortcreited  leas,  aa  deicribed  by  the  Bretachneider  apectra,  and  fct 
modal  wave  perioda  of  7 through  21  aeconda  in  2-aecond  intervala.  The  data  ia  provided  for  three  pointa  on  each  ahip:  (1)  the  center 
of  gravity,  (2)  the  helicopter  landing  apot,  and  (3)  the  location  of  the  aft  perpendicular  at  the  deck. 


TABLE  4 

MOTION  DATA  AVAILABLE  FOR 
A 3500  TON  SWATH 

• RMS  roll  in  degrees 

• RMS  pitch  in  degrees 

• RMS  vertical  acceleration  at  the  Combat  Information  Center  (CIC)  in  units*  of 
100-G.  The  CIC  is  located  51.7  feet  forward  of  the  center  of  gravity  (CG). 

• RMS  vertical  velocity  at  the  helicopter  landing  spot  in  feet  per  second.  The 
landing  spot  is  located  66.S  feet  aft  of  the  CG. 

• RMS  relative**  vertical  displacement  at  the  bow  (i.e.,  4 feet  forward  of  the 
strut,  102.5  feet  forward  of  the  CG)  in  feet. 

• RMS  relative  vertical  displacement  at  the  propeller  (i.e.,  148.5  feet  aft  of  the 
CG)  in  feet. 

Source:  Reference  2 

*G  * Acceleration  due  to  gravity  at  the  earth’s  surface. 

**Relative  means  the  distance  from  a point  on  the  ship  to  the  top  of  a wave. 
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TABLE  S 


CONSTANTS  FOR  SINGLE-AMPLITUDE  STATICS 


Single  Amplitude  Statistics 

Root  mean  square  amplitude,  rms  I .OOo 

Average  amplitude  I -25o 

Average  of  highest  1/3  amplitudes,  significant  2.00a 

Highest  expected  amplitude  in  10  successive  amplitudes  2,15o 

Average  of  highest  l/IO  amplitudes  2.5So 

Highest  expected  amplitude  in  30  successive  amplitudes  2.61a 

Highest  expected  amplitude  in  50  successive  amplitudes  2.80o 

Highest  expected  amplitude  in  100  successive  amplitudes  3.03o 

Highest  expected  amplitude  in  200  successive  amplitudes  3.25o 

Highest  expected  amplitude  in  1000  successive  amplitudes  3.72o 

Denniliont 


(j2  3 Sidlisiical  variance  ol'  time  hlttory 

N • Number  of  successive  amplitudes 

CONSTANT  » y/T  (fi  n N)'''^  where  CONSTANT  relates  a to  the  hijihcst  expected  amplitude 
in  N successive  amplitudes. 

Source;  Reference  1 (pa|te  27) 

Notes; 

1.  The  hi|(hesi  expected  amplitude  in  N amplitudes  is  the  most  probable  extreme  value  in  N am- 
plitudes. This  value  may  be  exceeded  63  percent  of  (he  tirrte. 

2.  To  obtain  wave  height  or  double  amplitude  statistics  from  RMS  values,  muliiply  smitle  ampli- 
tude constants  by  2.0. 

Criteria  for  Head  Seas  Only 

In  the  course  of  the  author’s  seakeeping  investigations,  a unique  category  of  seakeeping 
criteria  became  apparent.  Recall  from  the  earlier  discussion  on  data  requirements  that,  while  a wide 
variety  of  motion  data  may  be  found  in  reference  1 , the  available  data  are  limited  to  the  absolute 
motions  of  the  ship.  There  are,  however,  many  criteria  in  which  the  motion  of  a point  on  the  ship 
relative  to  the  ocean  surface  is  of  particular  interest.  These  criteria  are  generally  concerned 
with  seakeeping  phenomena  in  head  seas,  such  as  slamming  and  deck  wetness.  Indeed,  obtaining 
estimates  of  ship  motion  relative  to  the  wave  surface  in  other  than  head  seas  is  fraught  with 
theoretical  and  computational  difficulties.  While  criteria  limited  to  head  seas  are  not  completely 
compatible  with  the  analytic  approach  described  earlier,  it  was  considered  essential  to  incorporate 
their  impact  in  a comprehensive  seakeeping  evaluation. 

The  program  listing  and  output  contained  in  this  paper  reflect  a consideration  of  four  head 
sea  criteria  in  the  evaluation  of  the  FFG  7. 

• Bottom  plate  damage 

• 3 slams  in  100  motion  cycles 

• 1 deck  wetness  every  2 minutes 

• Sonar  dome  emergence  during  no  more  than  3 out  of  5 consecutive  30-second 
time  intervals. 

The  data  used  to  evaluate  these  criteria  were  obtained  from  NAVSEC’s  YF-17  ship  motion 
computer  model  using  the  single  parameter  Pierson-Moskowitz  sea  spectra.  The  motion  data  therefore 
displayed  no  dependence  on  the  modal  period  of  the  waves.  The  above  criteria  were  evaluated  with 
this  data,  and  relationships  for  maximum  speed  versus  significant  wave  height  were  determined  for 
each,  as  shown  in  figure  3. 
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liauiueki 


head  seas 


FFG  7 SEAKEEPING  CRITERIA 


Vfetness  - 2 minutes 


3 slams  per  100  cycles 


3/5  dome  emergence 


Significant  wave  height  (feet) 
FIG.  3:  HEAD  SEA  CRITERIA 


No  curve  is  shown  for  the  bottom  plate  damage  criterion  because  the  very  fine  lines  at  the 
bow  of  the  FFG  7 indicated  that  plate  damage  was  not  a realistic  consideration  for  that  ship. 

The  data  provided  to  the  program  for  these  criteria  were  the  limiting  wave  heights  for  speeds 
of  5 through  25  knots,  in  five  knot  increments  determined  from  figure  3.  These  limiting  wave  heights 
were  then  considered  with  the  limiting  wave  heights  imposed  by  other  criteria  in  head  seas.  In  doing 
this,  it  was  necessary  to  assume  that  the  speed  limitations  imposed  by  the  head  sea  criteria  were 
independent  of  modal  wave  period. 

The  Motion  Sickness  Indicator  (MSI) 

The  Motion  Sickness  Indicator  (MSI)  is  worthy  of  special  discussion  because  it  is  a complex, 
non-linear  criterion  that  requires  special  data  manipulation.  It  is  the  only  criterion  presented  in  this 
paper  that  is  a function  of  motion  frequency  as  well  as  magnitude. 

The  MSI  was  developed  by  Human  Factors  Research,  Inc.  (reference  4).  It  is  a relationship 
|!  determined  from  laboratory  experiments  and  describes  the  percent  of  subjects  who  experienced 

S emesis*  when  subjected  to  vertical  sinusoidol  motion  created  by  a motion  generator.  The  primary 

variables  that  affect  the  level  of  motion  sickness  incidence  were  found  to  be  the  RMS  vertical 
acceleration  and  the  frequency  of  the  motion  experienced.  This  relationship  is  depicted  in  figure  4, 
and  is  mathematically  described  as  the  product  of  two  standardized  normal  distribution  functions 
as  shown  below:** 


.'■i 

-j 

i 


MSI  = 100  4>^(Za)  ■ 

where: 

(log  a)  - 

^a  0?7 

(log  t)  - 1 .46  + 0.57  Zg 

Zi  = 

0.5027 

Ma(f)  = 0.87  + 4.36  (log  f)  + 2.73  (log  f)^ 
t = time  exposure  to  motion  (minutes) 


(1) 


•EmesiJ  is  the  medical  term  for  vomiting. 
**AU  logarithims  are  to  base  10. 
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f = frequency  of  vertical  motion  (hz) 
a = RMS  vertical  acceleration  (g’s) 

^(z-)  = the  standardized  cumulative  normal  distribution  function,  as  given  in  equation  2 


The  developers  of  the  MSI  found  that  for  periods  of  exposure  greater  than  2 hours,  the  MSI 
is  asymptotic,  i.e.,  individuals  who  did  not  experience  emesis  in  the  first  2 hours  rarely  experienced 
it  during  subsequent  prolonged  exposure.  Therefore,  it  seems  reasonable  to  assume  a 2-hour 
exposure  period  (i.e.,  t=120  minutes)  as  representative  of  the  minimum  exposure  period 
encountered  in  the  ship  motion  environment. 

It  was  also  found  that  the  MSI  was  independent  of  roll  and  pitch  motions  when  these  were 
superimposed  on  the  vertical  accelerations.  Thus,  if  we  know  the  frequency,  f,  and  the  RMS 
vertical  acceleration,  a,  we  can  calculate  the  corresponding  MSI  value. 

The  MSI  is  obviously  nonlinear,  and  the  relationship  between  f and  a is  itself  a nonlinear 
function  of  ship  speed  and  heading  angle.  We  therefore  chose  to  use  an  iterative  mathematical 
approach  to  calculate  the  MSI  value  for  each  cell  in  the  seakeeping  matrix.  This  technique  is  fully 
described  in  reference  5,  and  is  basically  a combination  of  the  bisection  and  secant  methods  to 
estimate  the  roots  of  a nonlinear  function.  ZEROIN  is  a specific  subroutine  that  is  included  in 
SEAMON  for  this  purpose. 

In  solving  equation  I , we  also  need  a way  to  estimate  the  normal  function  of  equation  2. 
Many  approximating  methods  are  available,  and  we  chose  the  one  suggested  by  the  authors  of  the 
MSI  in  reference  3: 


1.0  + .2316419IZI 


= .3989423  exp 


[^i] 


= .3193815  W - .3565638 
+ 1.781478  w3  - 1.821256 
+ 1.330274  W5 


<KZ„)  = I - (D  X) 


«I>(Z)**(Zo)  ,Z>0 

I -«I>(Zo)  ,Z<0  . 


The  subroutine  CALMSI  is  used  to  evaluate  this  function. 

It  is  appropriate  to  point  out  that  the  MSI  criterion  is  the  only  one  that  uses  the 
“encountered  modal  period,”  which  is  available  for  all  the  motions  in  Baitis’  data  base  (reference 
1).  Thus,  while  these  data  are  read  by  SEAMON  (and  stored  in  the  vector  ENCVEC)  for  all  motion 
data,  it  is  only  used  when  the  vertical  acceleration  data  are  being  processed  to  evaluate  the  MSI 
criterion. 

Finally,  the  data  used  to  evaluate  the  MSI  are  the  vertical  accelerations  at  the  ship’s  center 
of  gravity.  It  is  worthwhile  to  note  that  accelerations  at  the  bow  and  stem  will  generally  be  greater 
by  a factor  of  two,  or  more. 

Criteria  Summary  and  Categories 

The  criteria  selected  for  purposes  of  illustration  in  this  paper  are  shown  in  table  6.  Criteria 
4,  5,  6,  and  10  are  for  head  seas  only.  Because  criteria  are  dependent  on  the  mission  of  the  ship,  it 
is  useful  to  observe  the  impact  of  seakeeping  considerations  as  a function  of  various  mission 
categories.  The  program  described  in  this  paper  therefore  considers  four  mission-related  categories; 

1.  General.  The  general  category  identifies  those  criteria  that  are  derived  from 
considerations  of  safety,  prudent  seamanship,  and  an  adequate  level  of  personnel 
effectiveness.  Criteria  1 through  6 are  in  this  category. 

2.  General  and  Helicopter.  The  addition  of  criteria  7,  8,  and  9 is  appropriate  when 
considering  the  ability  to  safely  conduct  helicopter  operations.  Note  that  criteria  7 and 
8 will  always  be  exceeded  before  criteria  1 and  2,  respectively. 

3.  General  and  Dome  Emergence.  The  addition  of  criterion  10  to  the  general  criteria  is 
appropriate  when  considering  the  effectiveness  of  the  hull-mounted  sonar. 

4.  All  Criteria.  The  “All  Criteria”  case  is  appropriate  when  considering  the  total  combat 
system  effectiveness  of  the  ship  using  all  available  criteria. 

We  would  like  to  point  out  that  the  criteria  listed  in  table  6 are  not  considered  to  be  all 
inclusive.  The  FFG  7,  for  example,  has  an  AAW  missile  system,  but  no  seakeeping  criteria  have 
been  identified  for  this  system.  Furthermore,  the  criteria  identified  in  table  6 are,  at  best,  rough 
estimates  of  what  the  true  motion  criteria  might  be.  Indeed,  the  weakest  area  in  our  ability  to 
evaluate  the  seakeeping  qualities  of  ships  is  the  ability  to  quantify  the  effect  of  motion  on  people 
and  on  sensor  and  weapon  systems. 

BOX  SCORE  CALCULATIONS 

The  calculations  for  the  seakeeping  box  scores  require  data  on  the  observed  occurrence  of 
wave  heights  and  modal  wave  periods.  Data  for  the  North  Atlantic  example  depicted  in  this  paper 
were  obtained  from  reference  6. 
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TABLE  6 


SELECTED  SEAKEEPING  CRITERIA 


General  Criteria 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 MOTION  SICKNESS  INDICATOR  (20  PERCENT  OF  LABORATORY 
SUBJECTS  EXPERIENCE  EMESIS  WITHIN  2 HOURS) 

4 BOTTOM  PLATE  DAMAGE 

5 3 SLAMS  IN  1 00  MOTION  CYCLES 

6 ONE  DECK  WETNESS  EVERY  2 MINUTES 

HELICOPTER  OPERATING  CRITERIA 

7 1 2.8  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

8 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

9 7.0  FEET/SECOND  VERTICAL  VELOCITY  AT  THE  FLIGHT  DECK 

HULL-MOUNTED  SONAR  CRITERION 

10  SONAR  DOME  EMERGENCE  CRITERION  (3  OUT  OF  5 DETECTION 
OPPORTUNITIES) 


Data  for  the  eight  points  shown  in  figure  5 were  averaged  over  the  months  of  December 
and  January  for  the  winter  season,  and  June  and  July  for  the  summer  season.  The  resultant 
matrices  showing  frequencies  of  occurrence  are  presented  in  table  7.  For  the  purpose  of  simplicity, 
further  discussions  are  limited  to  the  summer  data. 

A box  score  is  obtained  by  considering  each  entry  in  the  limiting  height  matrices  for  the 
four  modal  wave  periods.  (Note  that  a specific  column  in  table  7 corresponds  to  the  modal  period 
of  a matrix.)  Using  linear  interpolation  down  the  appropriate  columns  of  table  7,  we  can  substitute 
the  probability  of  wave  heights  less  than  or  equal  to  the  limiting  wave  height  for  each  element  of 
the  original  limiting  wave  height  matrices.  Because  the  matrix  is  symmetrical,  we  then  multiply  the 
entries  for  all  the  headings  by  2,  except  for  the  heading  angles  of  000  and  180°.  Having  assumed 
that  the  encountered  heading  angle  is  random  (i.e.,  uniformly  distributed),  and  that  we  have  no 
preference  for  a particular  speed,  we  can  then  sum  all  the  entries  for  the  four  matrices  and  divide 
by  120  (5  speeds  X 24  heading  angles)  to  get  the  box  score. 

A mathematical  statement  of  this  procedure  is  provided  in  the  next  section  on 
methodology. 

METHODOLOGY 

This  section  provides  a discussion  of  the  general  methodology,  in  mathematical  terms, 
assuming  a set  of  simple  criteria. 

The  evaluation  of  criteria  is  straightforward  because  each  criterion  is  stated  in  units  of  RMS. 
The  motion  data  are  also  stated  in  RMS  and  can  be  linearly  scaled  for  wave  height.  Thus; 


where:  WLj 

q 

X 

e 

s 

T 

‘o 


WLj  (Cj,0,s,To)  = 


X (0,s,To) 


limiting  wave  height,  in  feet,  determined  for  the  i^^  criterion 
RMS  threshold  value  for  the  i^^  criterion 

the  appropriate  RMS  motion  response  for  seas  with  a 1 foot  significant 
wave  height 

heading  angle  (degrees) 
ship  speed  (knots) 

the  modal  wave  period  of  the  sea  (seconds) 


Matrices  similar  to  the  example  shown  in  table  1 can  be  constructed  by  considering  a 
selected  category  containing  N criteria,  where  the  limiting  criterion  k,  and  the  overall  limiting  wave 
height  WL',  is  determined  by: 


- 17  - 


TABLE  7 


WAVE  HEIGHT  DISTRIBTUIONS 


NORTH  ATLANTIC  SUMMER 


(June/  July) 

f 

i 

] ' 
l: 

Significant 
wave  height 

Wave  period  (T,  seconds) 

i 

') 

} ' 

T ^ 7 

8 i T s 9 10  i T s:  11 

12  s:  T 

-r 

'?  ■ 
ir  ' 

(fl,  feet) 
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.00  .00 

0 

1 

1 

5 : 
> 

< ' 

2.5  <B^  5.7 

.37 

.06  .01 

.01 

r . 

.>  . 

5.7  9.0 

.15 

.09  .03 

.01 

1 

y 

9.0  12.3 

.04 

.03  .02 

.01 

>' 

> 

■i'' 

12.3  <8^  18.9 

.01 

.02  .01 

.01 

(■ 

(;■ 

p 
> ■ 

18.9  <8i  25.4 

0 

.00  .00 

.00 

,f,  ■ 

'■ 

25.4  <8^  32.0 

0 

0 .00 

.00 

t 

(' 
f , 

NORTH  ATLANTIC  WINTER 

i 

i. 

f 

(December,  January) 

f, 

f 

i : 

Significant 

y 

r. 

•r 

j; 

wave  height 

Wave  period  (T,  seconds) 

V. 

(8,  feet) 

T i 7 

8 i T s 9 T s 11 

li  S T 

/■ 

i . 

2.5 

.03 

.00  .00 

0 

i 

2.5  <8s  5.7 

.15 

.03  .00 

.01 

1 

f 

1 

} 

5.7  <BS  9.0 

.13 

.10  .04 

.02 

[■ 

S' 

;■ 

y 

j. . 
\ . 

9.0  <8:2  12.3 

.06 

.07  .05 

.03 

r' 

12.3  <8^  18.9 

.02 

.05  .06 

.04 

1 

}, 

18.9  <8^  25.4 

.01 

.02  .02 

.02 

) ' 

/ ; 

25.4  <8^  32.0 

.00 

.01  .01 

.02 

a 
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(4) 


WL'  (0,s,To)  =WLk  (Ck,0,sJo) 

where;  WLj^  (C,^,  0,  s,  T^)  < WLj  (Cj,  6,  s,  T^) 
for  all  i = 1 N , i k 

The  top  matrix  in  table  1 identifies  the  limiting  criterion  k for  different  heading  angles  (0) 
and  speeds  (s),  while  the  bottom  matrix  is  the  corresponding  limiting  wave  height  WL'.  A separate 
set  of  matrices  is  generated  for  each  value  of  Tq. 

The  seakeeping  box  score  B (v,i)  for  a particular  season  v,  and  world  location  C,  is  then 
calculated  as  follows: 


1 

B (i/,£)  =-—222  P (WL'  (0,s,Tq)  I , fi  ) 

120  OsTq 


(5) 


where.;  , 

P (WL'  (0,s,Tq)  I I'.fi) 


the  probability  of  occurrence  of  waves  having  a modal  period  of 
approximately  Tq  seconds  and  heights  less  than  or  equal  to  WL',  for  the 
specified  season  and  location. 


and 


0 


To 


0,1 5,  30,....  330,  345 
5,  10,  15,20,  25 
7,9,  11,  13  . 


B (u,i)  is  thus  the  percent  of  time  that  a ship  can  expect  to  operate  in  a given  season  and 
location  without  any  of  the  N selected  criteria  being  exceeded.  It  reflects  the  assumption  that  the 
ship’s  desired  operating  speed  is  equally  distributed  among  the  five  speeds  and  that  the  heading 
angle  is  a random  phenomenon  and  is  uniformally  distributed  about  all  headings. 

The  assumption  of  ambivalence  regarding  ship  speed  is  easily  relaxed  by  considering  each 
speed  independently,  as  in  equation  6. 


B (i^,C,s)  =:^22  P (WL'(0,s,Tq)  1 v,i)  . (6) 

A complex  criterion  can  be  simply  considered  as  an  independent  category.  For  example, 
suppose  we  have  two  thresholds,  and  Cj^2>  criterion  is  such  that  both  Cj^j  and  Cj^2 

must  be  exceeded  before  the  criterion  M is  itself  violated.  All  that  is  necessary  is  to  calculate 
WL|^j  and  WLj^2  combine  these  results  as  follows: 

WLj^  = Maximum  (WLj^j,  WL]yj2)  ■ 
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WL}^  is  then  treated  as  any  other  seakeeping  criterion  and  incorporated  into  the  appropriate 
category. 

Complex  criteria  of  this  sort  are  not  evaluated  within  the  current  version  of  SEAMON,  but 
can  be  incorporated  by  a user  who  is  familiar  with  the  program. 

CONCLUSIONS 

The  methodology  presented  in  this  paper  is  believed  to  have  far-reaching  implications  about 
the  ability  of  ship  designers  and  hydrodynamists  to  evaluate  the  seakeeping  qualities  of  warship 
designs.  The- approach  considers  both  the  mission  of  the  ship  and  the  areas  in  which  it  is  expected 
to  operate.  It  can  be  used  to  identify  the  most  signiflcant  motion  parameters  that  affect  the 
seakeeping  qualities  of  a ship  design.  Given  an  adequate  understanding  of  the  effect  of  motion  on 
sensor  and  weapon  systems,  the  method  can  also  be  used  to  identify  deficiencies  in  subsystem 
design  and  potential  interface  problems.  It  may  also  be  useful  in  determining  reasonable 
specifications  for  motion  compatability  for  these  shipboard  systems.  Finally,  it  can  be  used  to 
select,  among  alternative  designs,  the  hull  form  that  offers  the  greatest  operational  flexibility. 

Perhaps  the  reader  can  best  appreciate  the  potential  of  this  approach  by  observing  the 
example  output  for  the  FFG  7 in  appendix  C.  It  should  be  obvious  that  a wealth  of  visual  and 
quantitative  information  is  available,  that  can  stimulate  new  insights  into  questions  about  the 
significance  of  seakeeping. 

There  are,  however,  two  major  areas  of  concern  in  implementing  this  approach. 

First,  ship  motion  data  must  be  available.  An  excellent  data  base  for  ships  already  in  the 
fleet  is  available,  but  in  most  cases  it  is  too  late  to  significantly  affect  the  seakeeping  qualities  of 
these  ships.  The  Naval  Ship  Research  and  Development  Center  is  presently  working  on  an 
inexpensive  method  to  predict  the  motion  of  a ship  based  on  design  data.  This  effort  is  essential  if 
the  Navy  is  to  consider  seakeeping  early  in  the  ship  design  process. 

The  second  area  of  concern  is  the  poor  state  of  the  Navy’s  knowledge  of  the  impact  of  ship 
motion  on  the  effectiveness  of  people,  sensors,  and  weapons.  This  makes  the  establishment  of 
meaningful  seakeeping  criteria  difficult,  and  in  many  cases  impossible.  If  we  cannot  assess  the 
effects  of  motion  on  combat  readiness  and  effectiveness,  a serious  seakeeping  evaluation  is 
impossible.  This  author  has  observed  very  little  progress  in  this  regard  due  to  what  is  a basic  lack  of 
interest  in  understanding  the  ship  motion  environment. 

If  an  adequate  motion  data  base  is  available,  and  if  the  impact  of  motion  on  the  ship’s  crew 
and  subsystem  can  be  reasonably  estimated,  the  approach  in  this  paper  can  put  the  information 
together  into  a meaningful  seakeeping  assessment. 


II.  PROGRAM  DESCRIPTION 


SEAMON  is  a FORTRAN  Program  written  to  be  compatible  with  the  CDC  3800  computer 
at  CNA.  The  program  may  actually  be  considered  to  be  in  two  parts.  The  first  part  consists  of  7 
routines  and  functions  (SEAMON,  WRITE,  CONTUR,  BOXSCR,  WAVLIM,  CALMSI,  ZEROIN) 
specifically  written  or  modified  by  the  author  to  evaluate  seakeeping  criteria.  The  second  part 
consists  of  10  routines  that  make  up  the  “canned”  PLOT3D  package  used  at  CNA  to  produce  a 
3-dimensional  contour  plot  on  a CalComp  565  Digital  Incremental  Plotter.  The  PLOT3D  package 
was  used  without  any  modifications  by  this  author,  and  the  basic  documentation  and  program 
listing  is  presented  in  appendix  D.  We  must  point  out  that  no  attempt  is  made  in  this  paper  to 
explain  how  the  PLOT3D  package  is  coded  or  to  address  potential  compatibility  problems  with  the 
package  at  other  facilities.  However,  if  a facility  already  has  a 3-dimensional  plotting  package, 
simple  modifications  to  the  subroutine  CONTUR  and  function  WAVLIM  should  permit  an  easy 
transition  to  another  plotting  routine. 

PROGRAM  FLOW 

A basic  flow  diagram  for  the  program  is  shown  in  table  8.  The  number  at  the  upper  right 
hand  comer  of  each  flow  symbol  corresponds  to  the  line  of  the  program  listing  in  appendix  A.  It 
identifies  the  general  location  for  the  operations  described. 

The  following  is  a brief  description  of  each  of  the  7 routines  and  functions. 

• SEAMON  is  the  main  program.  It  reads  in  all  input  data  and  evaluates  the 
seakeeping  criteria.  It  also  prints  the  box  scores  as  shown  in  the  example  in  table 
2. 

• WRITE  is  a subroutine,  called  by  SEAMON,  to  print  tables  in  the  format  shown 
in  table  1 . Each  time  it  is  called,  four  tables  are  printed  for  modal  wave  periods 
of  7,  9,  11,  and  13  seconds.  The  specific  criteria  shown  in  the  table  are  uniquely 
determined  by  the  calling  arguments.  It  is  essential  that  the  label  specified  as  a 
calling  argument  is  consistent  with  the  matrices,  which  are  also  identified  in  the 
call  to  WRITE.  (See  the  program  flow  diagram.) 

• CONTUR  is  a subroutine,  called  by  SEAMON,  that  actually  calls  the  PLOT3D 
program  to  generate  a contour  plot.*  CONTUR  may  be  called  in  a variety  of 
locations  within  SEAMON  depending  on  the  type  of  criteria  and  wave  periods  of 
interest.  The  period  specified  must  be  either  7,  9,  1 1,  or  13  seconds,  or  0.  If  0 is 
specified,  4 plots,  one  for  each  of  the  4 periods,  will  be  printed.  As  in  the  case 
of  WRITE,  the  matrix  SEAMAT  and  the  TITLE  used  in  calling  CONTUR  must 
be  internally  consistent.  When  CONTUR  calls  the  PLOT3D  package,  it  passes  the 
function  WAVLIM  to  PLOT3D. 

• BOXSCR  is  a subroutine,  called  by  SEAMON,  to  calculate  the  box  scores. 


•The  numbers  printed  at  the  edge  of  the  planar  axes  of  the  contour  plots  are  idiocyncracies  of  the  computer  plotting  program.  They 
would  indicate  the  ship  speed  if  the  plotter  boundaries  passed  through  the  center  of  the  contour. 
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WAVLIM  is  a function  that  is  passed  to  PLOT3D  by  CONTUR.  PLOT3D 
requires  a function  which,  when  provided  with  an  X and  Y in  cartesian 
coordinates,  will  return  the  corresponding  Z value  (e.g.,  the  third  dimension  of 
elevation).  WAVLIM  is  thus  a function  that  receives  the  X and  Y values, 
converts  them  to  polar  coordinates  (R  and  THETA)  and,  using  multiple  linear 
interpolation,  estimates  the  value  of  Z.  Note  that,  for  our  purposes,  P is  the  ship 
speed,  THETA  is  the  heading  angle,  and  Z is  the  limiting  wave  height. 

CALMSI  is  a function  that  is  called  by  both  SEAMON  and  ZEROIN.  It  is 
essentially  a zero  value  function  when  the  specified  Motion  Sickness  Indicator 
(MSI)  is  precisely  equal  to  some  preset  threshold  value.  It  is  a function  of  the 
RMS  vertical  acceleration  linearly  scaled  for  wave  height,  and  the  frequency  of 
motion  response.  The  method  used  to  approximate  the  MSI  value  is  that 
suggested  by  the  authors  of  the  MSI  in  reference  4. 

ZEROIN  is  a subroutine  called  by  SEAMON.  Because  th;  MSI  is  a nonlinear 
function,  it  is  not  readily  evaluated  in  closed  form.  Therefor?.,  a numerical  search 
algorithm  is  used  to  estimate  the  root  of  the  function  CALMf>I.  The  method  is  a 
combination  of  the  bisection  and  secant  methods  reproduced  from  reference  S. 


WAVES' 


r 

"WAVDAT" 


INITIALIZE  MATRICES; 
"LIMFAC" 
"WAVMAT’’ 
"NSRDC" 

“BAITIS" 


A244 


A312 


READ  (one  card)  “RMSVEC" 
"ENCVEC" 

FOR  MODAL  WAVE  PERIODS 
OF  7,9,11,  AND  13  SECONDS 


r 


TABLE  8 (Continued) 
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DATA  INPUT 


1 

i 

i 

I 
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Four  basic  classes  of  data  are  read  into  the  program.  (The  complete  set  of  input  data 
required  to  reproduce  the  output  in  appendix  C is  contained  in  appendix  B.) 


The  first  set  of  data  consists  of  9 cards  in  the  format  (7F5.0).  The  first  card  identifies  the 
height  segregation  of  the  succeeding  8 cards.  It  identifies  the  upper  limits  of  significant  wave 
heights  in  feet  used  to  segregate  the  distribution  of  wave  heights  into  seven  “bins.”  The  next  four 
cards  then  identify  the  percentage  of  occurrence  of  these  wave  heights  for  the  summer  for  modal 
periods  of  7,  9,  11,  and  13  seconds,  respectively.  The  last  four  cards  contain  the  same  data  for  the 
winter.  The  units  of  the  data  in  cards  2 through  9,  used  in  the  current  program,  are  in  percent 
observed  (e.g.,  25.0  not  .25)  times  16.*  The  data  actually  used  in  the  analysis  were  based  on  data 
contained  in  reference  5 at  the  eight  points  shown  in  figure  5.  The  months  of  June  and  July  were 
used  for  the  summer,  and  the  months  of  December  and  January  for  the  winter.  If  a future  user 
desires  to  use  different  units,  this  may  be  accommodated  by  considering  changes  to  lines  A96, 
AMO,  A144,  D124,  and  D132. 


The  second  set  of  data  consists  of  a single  card  (card  #10)  that  identifies  the  ship  being 
evaluated.  The  program  actaully  only  uses  the  alphanumeric  title  information  in  columns  1 through 
8. 


The  third  set  of  data  consists  of  four  cards,  in  (20X,  5F10.0)  format,  that  describe  the 
limiting  significant  wave  heights  in  head  seas,  at  speeds  of  5,  10,  15,  20,  and  25  knots  for  four 
criteria;  bottom  plate  damage  (Card  11);  three  slams  in  100  motion  cycles  (Card  12);  one  deck 
wetness  every  2 minutes  (Card  13);  and,  3/5  dome  emergence  criterion  (Card  14).  These  data  are 
actually  only  available  for  the  following  ships:  DD  963,  FFG  7,  FF  1052,  and  CGN  38.**  These  are 
the  only  criteria  not  actually  evaluated  within  SEAMON.  Due  to  time  limitations,  the  program  to 
estimate  these  Umiting  wave  heights  is  not  being  documented.  We  should  note  that  the  limiting 
conditions  are  based  on  YF-17  ship  motion  estimates  for  operations  in  head  seas  using  the 
Pierson-Moskowitz  spectra. 

The  final  set  of  data  is  the  RMS  motion  response  estimates  as  a function  of  ship  speed, 
heading  angle,  and  modal  wave  period.  A total  of  65  cards  are  read,  in  the  following  sequence;  for 
each  response  being  evaluated; 


I i 


; 1 


f *We  summed  the  observations  for  two  different  months  at  8 points  in  the  North  Atlantic,  thus  16. 

[ , ••See  reference  3.  I 


Speed 

5 


Heading  Angle 


Each  card,  uniquely  identified  by  the  speed  and  heading  angle,  contains  8 additional  data 
elements,  2 for  each  modal  wave  period  of  7,  9,  11,  and  13  seconds.  The  format  of  an  individual 
card  is  as  follows: 


Card  Columns 

Format 

Description 

1-17 

Noun  description  of  data  - not  read 

18-19 

12 

Ship  speed  in  knots 

20-24 

15 

Heading  Angle  in  Degrees* 

25 

- 

Blank 

26-29 

F4.3 

RMS  response  for  a 7-second  modal 
wave  period 

30 

- 

31-33 

F3.1 

Encounter  period  for  a 7-second  modal 
wave  period 

34 

— 

Blank 

35 

- 

Blank 

j 36-39 

F4.3 

RMS  response  for  a 9-second  modal 
wave  period 

' 40 

— 

u 

41-43 

II 

F3.1 

Encounter  period  for  a 9-second  modal 
wave  period 

4 

1 44 

- 

Blank 

1 45 

— 

Blank 

'Throughout  this  work  we  hive  adopted  the  NSRDC  convention  of  heading  angle  being  the  angie  of  incidence.  Thui,  180  U a head  «ea, 
and  000  is  a following  sea. 
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Card  Columns 

Format 

Description 

46-49 

F4.3 

RMS  response  for  an  1 1 -second  modal 
wave  period 

50 

- 

51-53 

F3.1 

Encounter  period  for  an  1 1 -second  modal 
wave  period 

54 

— 

Blank 

55 

— 

Blank 

56-59 

F4.3 

RMS  response  for  a 13-second  modal 
wave  period 

60 

- 

ct 

61-63 

F3.1 

Encounter  period  for  a 1 3-second  modal 
wave  period. 

The  data  used  in  the  example  were  obtained  from  reference  1 for  ship  responses  in 
longcrested  seas  as  described  by  the  Bretschneider  spectra.  The  example  required  estimates  of  four 
different  ship  response  parameters.  These  were  read  in  the  following  sequence:  (The  value  of  the 
controlling  index  parameter  “IC”  (line  A260)  in  SEAMON  is  also  noted.) 

• RMS  roll  in  degrees  (IC  = 1) 

• RMS  pitch  in  degrees  (IC  = 2) 

• RMS  vertical  acceleration  at  the  CG  in  G’s  X 100  (IC  = 3) 

• RMS  vertical  velocity  at  the  helicopter  deck  in  feet/second  (IC  = 4). 


•I 

1 


\ 
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III.  MODIFYING  THE  PROGRAM 


CHANGING  A CRITERION 

The  threshold  level  for  a criterion  may  be  changed  simply  by  changing  the  program  line 
that  sets  the  threshold,  (e.g.,  lines  A268  through  A296)  and  the  corresponding  label  in  format 
statement  180  in  subroutine  WRITE.  Table  2 provides  the  relationships  that  can  be  used  to  state  a 
threshold  in  units  of  RMS  response. 

CHANGING  THE  MSI  LEVEL 

The  MSI  level  is  changed  by  altering  the  values  in  lines  FI 00  and  FI  12,  and  making  the 
appropriate  change  in  FORMAT  statement  180  of  subroutine  WRITE. 

ADDING  A NEW  CRITERION 

New  criteria  may  be  evaluated  as  long  as  the  appropriate  ship  motion  data  are  available. 
Implementation  of  the  new  criterion  can  be  accomplished  as  follows: 

1.  Increase  the  indexing  parameter  IC  in  line  A260,  and  assign  the  appropriate 
threshold(s)  via  line  A264. 

2.  If  the  new  motion  data  has  a corresponding  threshold  in  the  “General”  category 
or  the  “helicopter”  category,  but  not  both,  the  appropriate  transfer  statement  should  be  inserted 
after  line  A496  or  AS  16  (based  on  the  value  of  the  indexing  parameter  IC). 

3.  Ensure  that  the  criterion  is  properly  identified  in  line  AS  12  and/or  immediately 
following  line  AS40. 

4.  Modify  format  statement  180  in  subroutine  WRITE  as  appropriate. 

5.  Insert  the  motion  data  in  the  correct  format  at  the  end  of  the  input  deck. 

ADDING  A NEW  CATEGORY 

The  current  SEAMON  program  has  two  major  categories  for  seakeeping  criteria:  General 
and  Helicopter.  Adding  a new  category,  while  not  overly  difficult,  requires  a good  working 
knowledge  of  the  program. 

The  program  modification  is  basically  accomplished  by  adding  two  new  arrays  for  the 
program,  both  dimensioned  4X1 3XS.  One  is  a floating  point  array  that  stores  the  limiting  wave 
heights,  while  the  other  is  an  integer  valued  array  that  stores  the  limiting  criteria.  Both  arrays  are 
used  to  store  the  calculated  results  for  the  various  modal  wave  periods,  ship  headings,  and  speeds, 
in  the  manner  done  for  the  existing  categories.  A detailed  description  of  how  this  is  done  is  beyond 
the  scope  of  this  paper.  However,  table  9 is  provided  to  assist  the  programmer  in  implementing  the 
program  change. 


TABLE  9 

STEPS  REQUIRED  TO  ADD  A NEW  SEAKEEPING  CATEGORY 


Approximate 

program  location  Additions  or  modifications 


A24 

A26 

A88 

A220 

A260 

A264 

A496,  A516 
A544 
A676 


A112,  A680 
B40 


Dimension  arrays 

Increase  dimension  of  SCORE  (see  A680) 

Add  new  label 

Initialize  matrices 

Identify  new  criteria 

Set  thresholds 

Transfer  statements? 

Evaluate  new  category 

Print  the  new  category  output  or  contours 

Calculate  box  score 

Combine  with  other  categories? 

Modify  the  format  for  the  btox  score  output 
Add  new  criteria 


PRINTING  THE  BOX  SCORE  SPEED  EFFECT  FOR  ALL  CATEGORIES 

The  current  version  of  SEAMON  only  prints  the  boxscores  at  each  increment  of  speed  for 
the  “All  Criteria”  case.  This  was  done  to  preclude  a user  from  being  inundated  with  numbers  in  the 
box  score  printout.  However,  the  program  can  be  easily  modified  to  print  a separate  box  score 
table,  with  all  speed  increments  for  each  seakeeping  category. 

The  simplest  way  to  do  this  is  by  altering  the  output  format  (statement  220,  line  112),  as 
appropriate,  and  inserting  a write  command  each  time  BOXSCR  is  called.  Note  that  each  time 
BOXSCR  is  called,  the  array  SPDDEF  contains  the  desired  speed  information. 

DELETING  THE  HEAD  SEA  CRITERU 

! , Evaluation  of  the  head  sea  criteria  can  be  removed  from  the  program  by  deleting  the 

appropriate  input  data  and  the  following  statements; 

A28,  A76,  A80,  A236,  A244-A256,  A428-A484,  A604-A636 

Format  statements  220  in  SEAMON  and  180  in  WRITE,  as  well  as  line  A680,  must  also  be 
I modified. 

I 
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INTEGER  PERIOOtTlTLE 

OZHENSION  LIHFAC(Atl3t5lt  NAVNAT (Af 

DIMENSION  NSR0C(Atl3«S>«  BAILINC A,13>9) 

DIMENSION  RNSVECIA)t  ENCVECIA) 

DIMENSION  SCORE(AtE)«  SPOEFF|5,2) 

DIMENSION  SONAR(S).  SLAM(5),  NET  151,  PLATEI5I 

DIMENSION  TITLEUlltLABELKllt  ,LABEL2(lt),LABEL3(llt,LABELAIlll 

COMMON  /BLOCKl/  IPER 

COMMON  /BLOCKS/  NAVOAT (7, A,2I ,MAVESm 
COMMON  /BL0CK3/  FLOG, RMS 
COMMON  /BLOCKA/  NAVNAX,SPONAX 
COMMON  /BLOCK6/  CONNAT I A, 13,51 
DATA  (NAVMAX»32.0) 

DATA  (SP0NAX«2B.QI 

0ATA(ILABEL1IJI,J32,S)s  56H  GENERAL  CRITERIA  ONLY 

111-61  » 

OATAKLABELKJI, JslO,ll)«16HHAtfE  PERIOD)  ) 

0ATA((LAaEL2<J),J>2,ai*  56N  GENERAL  AND  HELICOPTER  CRITERIA 
1(1-5)  ) 

OATA(aABEL2(J),J>10,ll)>16HNAVE  PERIOD)  ) 

DATA! (LABELS) J),J«2,8)«  56H  GENERAL  AND  DOME  EMERGENCE  CRITERIA 
1 ( 1 - 6,  10  ) ) 

DATA((LABEL3(J), J>10,11)>16HMAVE  PERIOD)  ) 

OATA((LABELA(J), J«2,6)>  56H  A^L  SEAKEEPING  CRITERIA 
1 ( 1 - 10  ) I 

OATA((LABELA(J),JslO,ll)«16HNAVE  PERIOD)  ) 

20  FORMAT  (OFIO.O) 

)0  FORMAT  (7F5.0) 

10  FORMAT  (lOAO) 

)0  FORMAT  (20X,5F10.0) 

10  FORMAT  (17X,I2,I5,A(1X,FA.3,1X,F3.1,1X)) 

220  FORMAT  (IMl, /////, 36X, AO, « BOX  SCORES*, /, 36X, 19(1H«I , //,  66X, 

C «NORTH  ATLANTIC*,  /,  66X,  1<»(1H«),  //,  66X,  * SUMMER  NINTE 


r 

CR*,  /, 

65X, 

17H****** 

, // 

,6(/,10X,7AS,F6.2,7X,F6.2, 

A 

120 

C //), 

60X, 

* 5 

KNOTS 

*, 

16X,F6.2, 

7X, 

F6.2,  //, 

A 

122 

■ < 

C 

60X, 

*10 

KNOTS 

*, 

16X,F6.2, 

7X, 

F6.2,  //, 

A 

126 

V 

c 

60X, 

*15 

KNOTS 

*, 

16X,F6.2, 

7X, 

F6.2,  //, 

126 

c 

60X, 

*20 

KNOTS 

*, 

16X,F6.2, 

7X, 

F6,2,  /V, 

A 

120 

c 

60X, 

*25 

KNOTS 

*, 

16X,F6.2, 

7X, 

F6.2,  /,  IHII 

A 

132 

READ  IN  SEGREGATION  LEVELS  FOR  NAVE  HEIGHTS 
READ  (61,160)  (NAVES(I),I«1,7) 


READ  IN  NAVE  HEIGHT  DISTRIBUTIONS 
K>1,  SUMNER 
K*2,  NINTER 

J«l,  7 SECOND  NODAL  NAVE  PERIOD 
J>2,  5 SECOND  MODAL  NAVE  PERIOD 

J>3,  11  SECOND  NODAL  NAVE  PERIOD 
J*6,  13  SECOND  NODAL  NAVE  PERIOD 

I«l, 7— DISTRIBUTION  BY  NAVE  HEIGHT  ACCORDING  TO  *NAVES*, 


C NOTE... IN  THE  CURRENT  PROGRAM  THE  NUMBERS  READ  IN  FOR  EACH 
C ELEMENT  IN  •HAVOAT*  ARE  ACTUALLY  IN  UNITS  OF 
C IFRACTION  OF  CCCURANCE  (EG  0.05) ) TIMES  1600. 

C (SEE  LIKES  0126  AND  0132  IN  SUBROUTINE  •BOXSCR*.! 

C 

READ  (GO.lAOl  (( (HAVOAT (I . J, K) , 1^1, T) « J«1 .6) , K>lt2) 

ICSMIP*0 
260  CONTINUE 

ICSHIP*ICSMIP*1 

C 

C INITIALIZE  THE  FOUR  PRIMARY  DATA  MATRICES 
C 

C •LIMFAC*  MILL  IDENTIFY  THE  GENERAL  LIMITING  CRITERION 
C FOR  EACH  SPEED.  HEADING.  AND  HAVE  PERIOD. 

C 

DO  260  ISPO-l.S 
DO  260  IHE031.13 
DO  260  H00M«1.6 

260  LIMFAC(MOOH.IHEO.ISPO)«0 
C 

C •MAVMAT*  STORES  MAXIMUM  ALLOHABLE  HAVE  HEIGHTS  FOR  GENERAL  CRITERIA 

C FOR  EACH  SPEED.  HEADING.  ANO  HAVE  PERIOD. 

C 

DO  280  ISPOsl.S 
DO  280  IHEOsl.13 
DO  280  M00H>1.6 

280  HAVMAT(H00M.IHE0.ISP0)*I>AVKAX 
C 

C •NSROC*  HILL  IDENTIFY  THE  HELICOPTER  LIMITING  CRITERION 
C FOR  EACH  SPEED.  HEADING.  ANO  HAVE  PERIOD. 

C 

DO  300  ISPO=l.S 
DO  300  IHE031.13 
DO  300  H00Hx1,6 
300  NSROC(HOOM.IHEO. ISPOIxO 
C 

C 'BAITIS*  STORES  MAXIMUM  HAVE  HEIGHTS  IMPOSED  BY  HELICOPTER  CRITERIA 

C FOR  EACH  SPEED.  HEADING.  ANO  HAVE  PERIOD. 

C 

DO  320  ISPD=1.5 
DO  320  IHEOsl.13 
DO  320  MOOHxl.6 

320  BAILIM(MOOH. IHED.ISPO)>HAVNAX 
C 

C READ  THE  SHIP  IDENTIFICATION  FOR  THE  DATA  SET 
C 

READ  (60.1601  (TITLE (I I .1x1. 01 
LA8EI i !1)«TITLE( II 
LABEL2(l|xTITLE(ll 
LA8EL3(1IxTITLE(1) 

LABELAdI  xTITLEdl 
C 

C READ  IN  THE  LIMITING  HAVE  HEIGHTS  FOR  SPEEDS  OF  5.  10.  15. 

C 20.  ANO  25  KNOTS  FOR  THE  CRITERIA  ALREADY  EVALUATED  HITH 

C THE  YF-IT  SHIP  MOTION  DATA  IN  HEAD  SEAS. 


A 166 
A 168 
A 152 
A 156 


A 160 
A 166 
A 160 
A 172 


A 176 
A 180 
A 186 
A 180 


A 192 
A 196 
A 200 
A 206 


A 208 
A 212 
A 216 
A 220 


A 226 
A 228 
A 232 
A 236 
A 260 
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c 


e 

c 

c 

c 

e 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


36S 


3S0 

«00 

c 

c 

c 

c 

c 

c 

c 

c 


READ  I«0,ia0)  (PLATE(IltI»ltS> 

READ  (RttiaO)  (SLAN(l)«I>lt9) 

READ  (68*1801  (NET (X) *X>1 t SI 
READ  (60«ia0)  (SONAR(XI»X>l*St 

THXS  STARTS  THE  XNTERNAL  SEQUENCE  OF  LOOPS  THAT  READ 
ANO  EVALUATE  THE  DATA  FRON  THE  BRETSCHNEXOER  SPECTRA. 

00  rOQ  XC>1*6 

THE  CONVENTXON  USED  XN  THXS  PROGRAM  XS- 
XCsl*  RHS  ROLL  DATA  (DEGREES) 

XC-2*  RHS  PXTCH  DATA  (DECREES) 

XC«3.  RHS  VERTXCAL  ACCELERATXON  AT  THE  CG  (G«S  • 108) . 

XC«6*  RHS  VERTXCAL  VELOCXTT  AT  THE  HELO  PAD  (FT/SEC) 

NOTE  THAT  OTHER  SHXP  HOTXON  VARXABLES  NAY  EASXLV  BE  ADDED  BY 
CHANGING  •A260*  ANO  ESTABLISHING  APPROPRIATE  THRESHOLDS  VIA  •AEBA* 

HHEN  DOING  THIS*  ENSURE  •A512*  ANO/OR  •ASAO*  IDENTIFY  THE  CRITERIA. 
ALSO  ENSURE  THAT  NEH  CRITERIA  ARE  PROPERLY  IDENTIFIED 
IN  FORMAT  STATEMENT  100  IN  SUBROUTINE  WRITE. 

60  TO  (3A0.360.A00.380).  IC 

THE  APPROPRIATE  THRESHOLDS  ARE  ESTABLISHED  NEXT. 

•THRESH*  IS  THE  GENERAL  THRESHOLD.  ANO 
•BAITIS*  IS  THE  HELICOPTER  THRESHOLD. 

THE  HSI  THRESHOLD  IS  A COMPLEX  FUNCTION  NOT 
EXPLICITLY  DEFINED  BY  A NOTION  THRESHOLD. 

ALL  THRESHOLDS  ARE  STATED  IN  RNS. 

ENSURE  THAT  ANY  CHANGE  IH  A CRITERION  IS 
IDENTIFIED  IN  FORMAT  180  OF  SUBROUTINE  WRITE. 

THRESH«9.6 

BAITIS«3.2 

GO  TO  600 

THRESH«2.6 

BAITIS>1.0 

6G  TO  680 

aAITIS>3.« 

CONTINUE 

THE  DATA  IS  READ  IN  INCREASING  ORDER  OF  SHIP  SPEED. 

EG*  9.  10.  IS*  20*  2$.  KNOTS 

00  700  ISPO  "l.S 

FOR  EACH  SPEED*  THE  DATA  IS  READ  FOR  EACH  IS  DEGREE 
INCREMENT  OF  HEADING  ANGLE  STARTING  WITH  100 
ANO  DECREASING  TO  000 
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A 266 
A 260 
A 292 
A 2S6 


A 260 


A 266 


A 260 
A 272 
A 276 
A 200 

A 206 
A 200 
A 292 
A 296 


A 300 


C 

C IF  XT  IS  OESIREO  TO  READ  IN  DATA  IN  A HEADING  ANGLE 

C SEQUENCE  STARTING  MITH  000.  CHANGE  •A300*  TO  READ 

C ••••  IHED  » IREVRS 

C 

DO  700  IREVRS>1.U 
IHEDslA-XREVRS 
C 

C EACH  CARO  CONTAINS  THE  RHS  RESPONSE  AND  NODAL 
C ENCOUNTER  PERIOD  FOR  HAVE  HOOAL  PERIODS  OF  7.  0.  11.  13 

C SECONDS  FOR  THE  SPECIFIED  SPEED  AND  HEADING. 

C 

READ  (60.2001  ICHK1.ICHK2 . ( (RHSVEC ( Jt .ENCVEC ( JM. 

IF  (ICHKl.EQ. (ISPO*5I.ANO.ICHK2.EQ. (tS«(IHEO-ini  GO  TO  660 
C 

C EACH  INPUT  CARO  IS  CHECKED  TO  BE  SURE  IT  IS  IN  THE  CORRECT 
C SEQUENCE.  IF  IT  IS  NOT.  AN  ERROR  NESSAGE  IS  PRINTED 
C AND  THE  RUN  IS  TEHRHINATEO. 

C 

HRITE  (61.620t  ISPO. ICHKl .IHEO.ICHK2 
620  FORMAT  (1X.«INPUT  CARO  ERROR*. 6I10I 
STOP 

660  CONTINUE 
C 

C THE  DATA  FOR  EACH  HAVE  HOOAL  PERIOD  IS  NOH  PROCESSED. 

C 

DO  700  MOOHsl.6 
RHS=RMSVEC(HOOH) 

IF  IRHS.LT.O.OOOn  GO  TO  700 
C 

C THE  CURRENT  PROGRAM  HAS  NO  GENERAL  CRITERIA 

C BASED  ON  VERTICAL  VELOCITY  AT  THE  HELD  DECK. 

C 

IF  (IC.E0.6)  GO  TO  600 
C 

C UNLESS  THE  HSI  IS  BEING  CALCULATED  PROCEEEO  TO  NORMAL 
C CRITERIA  EVALUATION  SEQUENCE. 

C 

IF  (IC.NE.3I  GO  TO  660 
RMS-RHS/100.0 
C 

C THE  SPECIFIC  HSI  THRESHOLD  IS  STATED  IN  LINES  FlOO  ANO  F112 
C OF  FUNCTION  *CALHSI*  . IF  THE  THRESHOLD  IS  CHANGED. 

C BE  SURE  TO  CHANGE  THE  LABEL  IN  FORMAT  100  OF  SUBROUTINE  *HRITE*. 

C 

C FUNCTION  CALMSI  CALCULATES  THE  DIFFERENCE  BETHEEN  THE  HSI 
C AT  A SPECIFIED  FREQUENCY  ANO  ACCELERATION  LEVEL. 

C ANO  THE  SPECIFIED  THRESHOLD.  *CALMSI*  HILL  THEREFORE  EQUAL 
C ZERO  HHEN  THE  THRESHOLD  IS  EXACTLY  MET. 

C 

C THE  HSI  IS  A COMPLEX  FUNCTION  ANO  IS  EVALUATED 
C USING  A SEARCH  ALGORITHM  *ZEROIN*. 

C 

C THE  SEARCH  SEEKS  THE  HAVE  HEIGHT  MULTIPLIER  . HHICH. 

C HHEN  MULTIPLIED  BY  THE  RMS  VERTICAL  ACCELERATION  RESPONSE 


A 306 
A 300 


A 312 
A 316 


A 320 
A 326 
A 320 
A 332 


A 336 
A 360 
A 366 


A 360 


A 3S2 
A 356 


•4 


I 
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I mi 


! 


r 


r 


e FOR  « UNZr  NAVE  HEIGHT  lAT  THE  SPECIFIED  FREQUENCT  LEVEL) 
C CAUSES  •CALHSI*  TO  BE  EXACTLY  ZERO. 
r. 

THE  SEARCH  ROUTINE  •ZEROIN*  REQUIRES  A HIGH  AND  LON 
G ESTINATE  TO  START  THE  SEARCH. 

C 

FLOG«ALOCtO( (1.0/ENCVEC (NOON) I I 
FLOGaO . BT^FLOC*! L. 36« ( Z.73*FL0C) ) 

00  AGO  IGES«10f35.5 
GESHIaFLOAT(lGES) 

N6I  IF  (CALHSKGESHD.GT.O.O)  GO  TO  A80 
60  TO  S60 
L80  CONTINUE 

00  500  ICESal.9 
GESLOalO.O-FLOAT (ICES) 

500  IF  (CALHSI(6ESLO).LT.O.O)  GO  TO  520 
MAVH AT (HOOH, IHEO t ISPO) « 1. 0 
60  TO  5L0 

520  CALL  ZEROIN  (CALHSI.GESHI.GESLO. IFLA6.IK0UNT) 

IF  IHAVHAT(MOOM,IHEO*ISFO).LT.CESHII  go  TO  568 
HAVHAT(HCOH.IHEO«ISPO)aANINl(NAVNAXtGESNI) 

560  LIHFAC(H00N,IHE0*ISPD)a3 
560  CONTINUE 

IF  (IHEO. LT. 12)  60  TO  660 
C 

C IF  THE  HEADING  IS  NITHIN  22.5  DEGREES  OF  THE  BON* 

C CHECK  TO  SEE  IF  ANY  OF  THE  PREOETERHINEO  HEAD  SEA 

C CRITERIA  ARE  LIHITIH6. 

C 

XaNAVHAT (HOOM, IHEO. ISPO) 

IF  (X. LT. PLATE IlSPOl > GO  TO  580 
XaPLATEdSPOl 
LIHFAC(H0DH,IHE0;.ISP0)a6 
580  CONTINUE 

IF  (X.LT.SLANIISPO) ) GO  TO  680 
XaSLAH(ISPO) 

L I HFAC ( MOON, IHEO .ISPO) >5 
608  CONTINUE 

IF  (X.LT.MET(ISPO))  GO  TO  620 
XaHET(ISPO) 

LIHFAC (NOON, IHE0«ISP0)a6 
628  CONTINUE 

HAVHAT INOOH.lHEO«ISPO)aX 
668  CONTINUE 
60  TO  T88 
668  CONTINUE 

e 

C EVALUATE  THE  GENERAL  CRITERION. 

C 

XaTHRESH/RNS 

IF  (X.6T.HAVHAT(N0DM.IHE0«XSP0)I  GO  TO  688 
NA VPAT (NOON. IHEO. ISPO) «X 
LIHFAC (MOON. IHEO. ISPO) >IC 
680  CONTINUE 
C 


A 360 
A 366 
A 368 
A 3T2 
A 3T6 
A 300 
A 386 
A 388 
A 392 
A 396 
A 600 
A 606 
A 608 
A 612 
A 616 
A 620 
A 626 
A 628 


A 632 
A 636 
A 660 
A 666 
A 668 
A 652 
A 656 
A 660 
A 666 
A 668 
A 672 
A 676 
A 688 
A 686 
A 688 
A 692 
A 696 


A 580 
A 586 
A 588 
A 512 
A 516 
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EVALUATE  THE  HELICOPTER  CRITERION. 

X«8AITIS/RNS 

IF  (X.GT.BAILIHtHCOH.IHEO.ISPOIt  GO  TO  700 

BAILIH(HCOH,IHEO.ISPOI*X 

IF  (IC.EQ.l)  NSRDC(N00H.IHE0iISP0)>7 

IF  (IC.EQ.2I  NSRCC(H00H,IHE0*ISP0l*0 

IF  (IC.EO.%)  NSR0C(H00H,IHE0tISP0)«9 

CONTINUE 

THIS  COFPLETES  THE  ACTUAL  SEAKEEPING  CALCULATIONS 

MITH  THE  EXCEPTION  OF  THE  DONE  ENERGENCE  CRITERION 

THE  REHAINOER  OF  THE  PROGRAN  PROCESSES  AND  PRINTS  THE  OUTPUT 

PRINT  THE  GENERAL  CRITERIA  TABLES  FOR  NODAL  PERIOOS  OF 
7.  9.  11.  AND  13  SECONDS. 

CALL  MRITE  (LABELl. NAVNAT .LINFACI 

CALL  CONTUR  (0. NAVNAT. LABELII 

CALCULATE  THE  BOX  SCORE. 

CALL  BOXSCR  INAVHAT .SCORE  II. 1) .SCORE (1.2) .SPOEFF) 

COMBINE  THE  GENERAL  AND  HELICOPTER  CRITERIA  AND 
PRINT  THE  APPROPRIATE  TABLES  FOR  HOOAL  PERIOOS  OF 
7.  9.  11.  AND  13  SECONDS. 

DO  760  ISPD>1.9 
00  760  IHEO-1.13 
DO  760  Hal. 6 
X«MAVNAT IN.IHEOi  ISPO) 

IF  IX.GT.BAILIHIH.IHEO.lSPOn  GO  TO  760 
BAILIN(H.IHEO.ISPOI>X 

NSROC(H.IHE0.1SPOI>LIHFAC(N.IHEO.ISPO) 

CONTINUE 

CALL  MRITE  (LABEL2.9AILIN.NSR0CI 


CALCULATE  THE  BOX  SCORE. 

CALL  BOXSCR  I8AILIN. SCORE (2.1) .SCORE  12.2) .SPOEFF) 

COHCINE  THE  GENERAL  ANO  DONE  ENERGENCE  CRITERIA  AND 
PRINT  THE  APPROPRIATE  TABLES  FOR  HOOAL  PERIODS  OP 
7.  9.  11.  ANO  13  SECONDS. 

DO  700  ISP0>1.9 
00  700  IHE0312.13 
00  700  Nal.6 

IF  (SONAR(ISPO).GT.HAVHAT(N.IHEO.ISPO))  CO  TO  700 

NAVHAT(H.IHEO.ISPO)«SONAR(ISPO) 

LIHFAC(H.IHE0.1SP0)al0 

CONTINUE 

CALL  WRITE  ILABEL3. NAVNAT. LINFAC ) 
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CALCULATE  THE  BOX  SCORE. 

CALL  BOXSCR  fMAVHAT.SCORE  CS.tl  .SCORE  13.21  .SROEm 

COMBINE  ALL  OF  THE  CRITERIA  AND 

MINT  THE  APPROPRIATE  TABLES  FOR  NODAL  PERIODS  OP 

7.  B.  n.  AND  13  SECONDS. 

DO  600  1*1. S 
DO  000  J«1.13 
DO  000  N«l.% 

XsBAILINIH.J.Il 

IF  (X.GE.kAVHAKN.J.ni  60  TO  000 

HAVHAT(H.J.n«X 

LIHFAC(N.J.I)>NSR0CIH.J.I) 

CONTINUE 

CALL  NRITE  (LABELA.HAVNAT.LINFACI 
CALL  CONTUR  lO.HAVHAT.LABELA) 

CALCULATE  THE  BOX  SCORE. 

CALL  BOXSCR  (NAVHAT.SCORE (A. It .SCORE (A.2) .SPOEFFt 
PRINT  THE  BOX  SCORES. 

NOTE...EVERYTIHE  *BOXSCR*  IS  CALLED.  •SPOEFF* 

RETURNS  THE  BOXSCORE  BREAKOOHN  BY  SPEEDS  FOR  THE  INPUT  MATRICES. 
HOMEVER.  THE  CURRENT  PROGRAM  ONLY  PRINTS  THESE  CALCULATIONS 
FOR  THE  »ALL  CRITERIA*  CASE. 

MRITE  (61.2201  TITLE (It . (LABELl (II .1-2. 01 . (SCOREd . . J*1.2t . (LABE 
1L2(II.I«2»0) .(SC0RE(2. J).J>1.2i. (LABEL3(II.I>2.0I, (SCORE(3.Jt.J«l. 
22). (LABELAII).I*2.0l.(SCORE(A.JI.J«1.2l.((SP0CFF(I.JI.J>1.2).I«l.f 
31 

IF  MORE  THAN  1 SHIP  IS  BEING  PROCESSED.  CHECK  THE  *ICSHIP* 

COUNTER  . 

IF  (ICSHIP.GE.lt  60  TO  020 

60  TO  260 

CONTINUE 

STOP 

ENO 


NULTI-BANK  COMPILATION. 


I 


SUBROUTIhE  MRITE  <LABEL»OUTMATtLIHNAT)  B « 

OIHENSION  LABELIllIt  OUTHAT (4* 13t9 I i LIHNAr (4t li« 51  8 8 

COHHON  /BI.OCK4/  NAVHAX.SPONAX  B 12 

120  FORMAT  (•!•, IIX. VLIHITING  FACTORS  «t AOt 5X, 5A8t/i 50X.2A0«/*42X«FS.  B 16 

11»*  SECOND  MOCAL  HAVE  PERIOO«f//l  B 20 

140  FORMAT  (12X.17HSHIP  * FOLLOHINGf 20X««BE AH* •2SX « VHEAD*#/ t 12X. 14HSP  B 24 

lEEO  * SEA.23X,*SEA»,26X,*SEA*./,llX,OH(KNOTSI*t/»10X.lH*,X2*12I  B 20 

25./*12X,70(lH«)l  B 32 

160  FORMAT  (lOX,  1H*«  /•  11X«  I5»  2X»  IH*.  12,  12X5  I 

100  FORMAT  (//  ,11X,  •LIMITING  SEAKEEPING  FACTORS*  /,  B 40 

C /*21X,  *0  NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  MXTH*  B 42 

C /,27X,  *SIGNIFICANT  HEIGHTS  UP  TO  *»  F5. 1,  * FEET*,/,  B 44 

C /,21X,  *1  12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL*,  / B 46 

C /«21X,  *2  3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH*,/  B 40 

C /,21X,  *3  NOTION  SICKNESS  INDICATOR*,/  B 50 

C 27X,  *(20  PERCENT  OF  LABORATORV  SUBJECTS*,/  B 52 

C 27X,  *EXPERIENCE  EMESIS  HITHIN  2 HOURS!*,/  8 54 

C /,  21X,  *4  BOTTOM  PLATE  DAMAGE*,  / B 56 

C /,  21X,  *5  3 SLAMS  IN  100  MOTION  CYCLES*,/  6 50 

C /,  21X,  *6  ONE  DECK  HETNESS  EVERY  THO  MINUTES*,  / 8 60 

C /,  21X,  *7  12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL*,/  B 62 

C /,  21X,  *0  6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH*,/  B 64 

C/,21X,*9  7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELO  DECK*,  / 8 66 

C /.  20X,*10  SONAR  DOME  EMERGENCE  CRITERION*,  / B 60 

C 27X,  *13/5  DETECTION  OPPORTUNITIES!*  ! B 70 

200  FORMAT  <//,23X,* ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  (FEET!*,/,23X, 4 B 92 

HUH*!  ,//,29X,*SHIP  HEADING  ANGLE  IN  DEGREES*, /,  12X,*SHXP*,/,12X, * 8 96 

2SPEEO*,lX,13I4,/,llX,*TKNOrS)*!  B 100 

220  FORMAT  UIX,  I4,3X,  13F4. 0)  S 104 

DO  200  IP>7,13,2  B 100 

N«(IP-5!/2  B 112 

PERIOCsFLCATlIP!  8 116 

HRITE  <61,120!  ILABELIJ!,J*1,0!, PERIOD  B 120 

HRITE  (61,140!  0, (X,I«15t 100,151  8 124 

DO  240  K>1,5  B 120 

NSPC*5*K  8 132 

240  HRITE  (61,160!  NSPO, (LIMHAT (N, J, K! , J*l,13!  B 136 

HRITE  (61.100!  HAVMAX  B 140 

HRITE  (61,200!  0 ,( I ,X>15, 100,15!  B 144 

DO  260  K«l*5  B 140 

NSPD«5*K  B 152 

260  HRITE  (61,220!  NSPD, (OUTMAT (N, J, K! , J*l,13!  B 156 

200  CONTINUE  B 160 

RETURN  B 164 

END  B 160- 
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SUBROUTINE  CONTUR  CPERIOOtSEAHAT. TITLE) 


C h 


C 

C PRINT  THE  CONTOUR  SPECIFIED  BY  *PERIOO** 

C IF  «PERIOO««0*  PRINT  CONTOURS  FOR  ALL  FOUR  HAVE  NODAL  PERIODS. 

C 

EXTERNAL  HAVLIN 

INTEGER  PERIOOtTITLE 

DIMENSION  SEAMATIA.IS.S).  TITLEtil) 

COMMON  /BLOCKl/  IPER 

COMMON  /BLOCKA/  NAVHAX.SPONAX 

COMMON  /BLOCKS/  CONHAT  IA» 13.9) 

00  120  I«lt$ 

00  120  J«ltlS 
00  120  N>1»A 

120  CONNATIM.J.I)«SEAMATIN(JtI) 

SH>SPOMAX«2.0 

SL«-SH 

ZH«39*0 

IPERLO>PERIOO 

IPERHI«PERIOO 

INC«1 

IF  IPERIOO.NE.O)  GO  TO  lAO 

IPERL0>7 

IPERHI«13 

INC*2 

lAO  CONTINUE 

00  160  M«IPERLO*IPERMI*INC 
IF  CN.E0.7)  TITLE(9)«BH(  7 SEC 
IF  (N.E0.9)  TlTLEt9)«SMI  9 SEC 
IF  (N.EQ.ll)  TrrLE(9)«SH(  11  SEC 
IF  (N.EO.lSt  TITLE(9)«0H<  13  SEC 
IPER>(M<5)/2 

CALL  PL0T30  ISLt SH.30. O.SL.SH. 30.0. 0.0. ZH.9. OtTlTLE.OO.NAVLlN.BO. 0 
1.30.0) 

160  CONTINUE 
RETURN 
ENO 
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C 0 

C 12 
C 16 
C 20 
C 26 
C 20 
C 32 
C 36 
C 60 
C 66 
C 60 
C 92 
C 96 
C 60 
C 66 
C 60 
C 72 
C 76 
C 00 
C 06 
C 00 
C 92 
C 96 
C 100 
C 106 
C 100 
C 112 
C 116 
C 120 
C 126 
C 120 
C 132- 


SUBROUTINE  BOXSCR  (X«SUNSCR«MINSCRtSI 
OINCNSICN  X(N,13«5),  SCORE<2l 

CONHON  /BL0CK2/  HAtfOAT (7. «*2I t HAVES(7I 
COHNON  /BLOCKA/  HAVHAX.SPONAX 
00  220  ZSal.2 
C 

C IS  s It  SUMNER 

C IS  • 2t  HZNTER 

C 

BsO.B 

MLIMsAHINllMAVNAX.WAVEStrn 
00  200  I«ltS 
C 

C I « SPEED  COUNTER 

C 

C>0.0 

00  too  J«ltl3 

C 

C J « HEADING  COUNTER 

C 

A«2.0 

C 

C DUE  TO  SYMMETRY  OF  SEAKEEPINC  MATRIX. 

C ALL  HEADINGS  EXCEPT  BCN  AND  STERN  ARE  COUNTED  TMZCE 
C 

IF  (J.E0.1.0R.J.EQ.13)  Asl.O 
DO  160  M^ltL 
C 

C Ms  HOOAL  HAVE  PERIOD  COUNTER 

C 

C LINEARLY  INTERPOLATE  TO  FIND  THE  PERCENT  OF  TIME 
C THAT  THE  OBSERVED  NAVE  HEIGHTS  ARE  LESS  THAN  THE  LIMITING 
C HAVE  HEIGHT  XH  A SPECIFIED  CELL. 

C 

Y«XINtJtZI 

IF  lY.GE.HLIMI  GO  TO  166 

DO  120  KHT*2t7 

K>KMT 

120  IF  IMAVESIKl.GT.Y)  GO  TO  166 
160  0>A*NAV0AT(7«H«ISI 
B3B»0 
C«C60 
GO  TO  160 
160  KH1>K-1 

Y1>NAV0AT(KH1.M,ISI 

Y2*MAVDATIKtMtIS> 

Y>Yl»(T-NAVES(KNll)«(Y2«Yll/IMAVES(KI-MAVESCKHlil 

0*A«AMAXl(6.6tYI 

BsBnO 

C«C*0 

ISO  CONTINUE 
C 

C NOTE... IN  THE  CURRENT  PROGRAM  THE  NUMBERS  READ  IN  FOR  EACH 

C ELEMENT  IN  •HAVDAT*  ARE  ACTUALLY  IN  UNITS  OF  , 

C *FRACTION  OF  OCCURANCE  lEC  0.05>*  TINES  1666. 


0 k 
0 6 

0 12 
0 16 
0 26 


0 26 
0 26 
0 32 


0 36 

0 66 


0 66 


0 66 
0 S2 


0 56 

0 60 
0 66 
0 66 
0 72 

0 76 

0 60 
0 66 
0 66 
0 92 

0 96 

0 166 
0 166 
0 106 
0 112 
0 116 
0 126 
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NOTE  ALSO  THAT  THERE  ARE  2«  KARZHS  SECTORS  IN  EACH  SREEO  RXN6. 

SltiXSI>C/3AAia.l 
200  CONTINUE 

BaO/102000.0 
SC0RE<XSI«l 
220  CONTINUE 

SUNSCR>SC0REC11 

MINSCR>SC0REt2l 

RETURN 

END 
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0 120 
0 120 
0 132 
0 130 

0 too 
0 too 
0 100 
0 1S2 
0 1S»> 


FUNCTION  MAVLIN  (X»VI 


E k 


I 


C 

C MAVLIH  IS  SET  UP  TO  RECEIVE  X ANO  T IN  CARTESIAN  COORDINATES 
C ANO  CONVERT  THESE  DATA  TO  A SPEED  ANO  HEADING  ANGLE. 

C 

C THE  LINITING  HAVE  HEIGHT  AT  THAT  SPEED  ANO  HEADING  IS  THEN 
C CALCULATED  FOR  THE  MODAL  HAVE  PERIOD  SPECIFIED  BY  »IPER» 

C 

INTEGER  SEKTOR.SEKAOJ.BELL.BELAOJ 
COMMON  /BLOCKl/  IPER 
COMMON  /BL0CK4/  HAVMAX .SPOHAX 
COMMON  /BLOCKS/  CONHAT ( A. 13. 5) 

YABSaABSIV) 

XABS«ABS<XI 

RESORT  I ( YABS**2.  0)4^  (XABS«*2. 0)1 
IF  (R.LT. SPOHAX)  GO  TO  120 
HAVLIM«Q.O 
RETURN 

120  CONTINUE 

BELL3MAX0(INT((R42.5)/5.0).1) 

BELLsHINOtBELLtS) 

SPODIF=R-BELL*5.0 
IF  (R.GT.3.0)  GO  TO  140 
C 

C IF  THE  SPEED  IS  LESS  THAN  3 KNOTS.  IT  IS  PRESUNEO 
C THAT  THE  SHIP  NILL  BROACH  INTO  BEAM  SEAS. 

C 

HAVLIM^CONHAT (IPER.7 .1 )- ( (SPOOIF/S. 0 ) • (CONMAT IIPCR.7«2)-CONHAT lIPE 
IR.7.1))) 

RETURN 

140  CONTINUE 
C 

C ONCE  THE  CELL  FOR  THE  SPECIFIED  SPEED  »*B£LL*)  ANO 

C HEADING  (»SEKT0R«)  IS  IDENTIFIED.  THE  ADJACENT  CELLS 

C ARE  ALSO  IDENTIFIED. 

C 

TMETA*ATANCYABS/XABS) *57. 295779 
IF  (X.GT.0.0)  THETA-180*THETA 
SEKTOR«(iTHETA*7.5)/lS.O)  *1 
0EC0IF»TMETA*7.5-15.0*SEKTOR 
2*1.0 

SEKA0J*SEKT0R*INT(SIGNI1.1.0EG0IF)) 

IF  (SEK40J.EO.O)  SEKA0J«2 
IF  (SEKA0J.EQ.14)  SEKA0J*12 
BELAO J«BELL*INTI SIGN  ll.lt  SPOOIF) ) 

IF  (BELAOJ.NE.O)  GO  TO  160 
BELAOJ>2 
Z*-1.0 
GO  TO  100 
160  CONTINUE 

IF  tBELAOJ.NE.6)  GO  TO  100 

BELA0J*4 

Z«-1.0 

ISO  CONTINUE 

Z*Z*ABS(SPOOIF)/S.O 


E 0 

E 12 
E 16 
E 20 
E 24 
E 20 
E 32 
E 36 
E 40 
E 44 
E 40 
E 52 
E 56 
E 60 
E 64 


E 60 
E 72 
E 76 
E 00 


E 04 
E SO 
E 92 
E 96 
E 100 
E 104 
E 100 
E 112 
E 116 
E 120 
E 124 
E 120 
E 132 
E 136 
E 140 
E 144 
E 140 
E 152 
E 156 


A-12 


c 

c 

c 

e 


c 

c 

c 

c 


0«ABS(OC60IFI/19.i 


E IBB 


CALCULATE  A FOUK  POINT  NULTZPLE  LINEAR  INTERPOLATION  FOR  TNE 
EXACT  POINT  SPECIFIED  BT  X ANO  Y. 


BNSN>CONNATIIPER«SEKTORtBELLI 
BNSf«CONNATIIPER»SEKTOR.BELAOJI 
BASNaCONNAT ( IPER  tSEX AO JtBELLI 
BASA>CONNATtIPERtSEKAOJ«BELAOJI 
Aa8NSN»0» IBASN'BNSN) 

BaSNSA«0« (BASA-BNSAI 
NAVLIHaA»Z«(B-A) 


E ISA 
E ISO 
E 1F2 
E irs 

E IBB 

E IBS 
E IBB 


MAVLIN  IS  FINALLY  CHECKED  TO  BE  SURE  IT  IS  IN  BOUNDS  BEFORE  BEIN6 
PASSED  TO  •PL0T30*. 


HAVLZHaANINllNAVLIN*NAVNAXI 

MAVLIHa«NAXi(MAVLZN«B.BI 

RETURN 

END 


E iB2 
E 196 
E EBB 
E EBS- 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

c 

c 

c 

c 

c 


120 

mo 

c 

c 

c 

c 

c 


FUNCTION  CALMSI  INHI 

FUNCTION  CALMSI  CALCULATES  THE  DIFFERENCE  SETHEEN  THE  MSI 
AT  A SPECIFIED  FREQUENCY  AND  ACCELERATION  LEVELt 
AND  THE  specified  THRESHOLD.  «CALHSI»  MILL  THEREFORE  EQUAL 
ZERO  MHEN  THE  THRESHOLD  IS  EXACTLY  HET. 


THE  SPECIFIC  MSI  THRESHOLD  IS  STATED  IN  LINES  FlOO  AND  F112 
OF  FUNCTION  •CALMSI*  . IF  THE  THRESHOLD  IS  CHANGED. 

BE  SURE  TO  CHANGE  THE  LABEL  IN  FORMAT  100  OF  SUBROUTINE  •WRITE*. 


REF. ..HUMAN  FACTORS  RESEARCH  « INC.,  TECHNICAL  REPORT  1Z33-2, 

•MOTION  SICKNESS  INCIDENCE-EXPLORATORY  STUDIES  OF  HABITUATION. 
PITCH  AND  ROLL.  AND  THE  REFINEMENT  OF  A MATHEMATICAL  MODEL.* 

M.E.  MCCAULEY  ET  AL.  APRIL  1970 


COMMON  7BLQCK3/  FLOG, RMS 
DIMENSION  Zt2) 

EVALUATE  ZA 

Z(ll*UL0610((HH*RNSn-FLOG)/O.A7 

EVALUATE  ZTP  FOR  A 120  MINUTE  PERIOD 

Z 12) >1.231729* II. 133093*Z(1)» 

APPROXIMATE  THE  NORMAL  FUNCTION  AT  ZA  AND  ZTP 

DO  lAO  I>1,2 
AZsABSIZlII) 

H>1.  0/1 1.0*0. 2316iil9*AZ) 

0>0.3989A23*EXP(-AZ*AZ/2.0) 

STOPHI>1.0-D*II(  ll.33027<.»N-l.S21256)*H*1.7  01<»7S)*M-0.356503A)  •M*l 
1.3193ai5)*M 
IF  IZIin  120.140,1%0 
STCPHI>1.0-STOPHI 
Z(II>STOPHl 

CALCULATE  THE  ZERO  FUNCTION  FOR  A 20  PERCENT  MSI 


CALMSI* fZ(l)*Z(2))-0.2B 


F 16 
F 20 
F 26 

F 32 
F 36 

F 60 

F 60 

F 52 
F 56 


F 96 
F 100 
F 106 
F 100 


RETURN 

END 


F 0 
F 12 


F 20 


F 66 


F 60 
F 66 
F 60 
F 72 
F 76 
F 00 
F 06 
F 00 
F 92 


F 112 

F 120 
F 126- 
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SUBROUTINE  2EROZN  IF»BtCt IFLA6>IK0UNT» 

THIS  SUBROUTINE  CALCULATES  THE  ROOT  OF  A CONTINUOUS 
FUNCTION  USING  A COHBINATION  OF  THE  BISECTION  AND  SECANT 
HETHOOS  AFTER  SHAFPINE  AND  ALLEN. 

THE  ABSOLUTE  ERROR  IS  FIXED  AT  8. MBit 
THE  RELATIVE  ERROR  IS  FIXED  AT  0.88881 
A NAXZNUN  OF  90  ITERATIONS  IS  PERNITTEO 

REF...SHANPINE.L.F..  AND  C.A.  ALLEN.  •NUHERICAL  C0HPUTIN6.* 

M.B.  SAUNDERS  CO. t PHILADELPHIA*  1973.  (ISBN  0*721«*81S8*8I 

IC*0 

ACBS*ABS(B-CI 

A>C 

F8>F(SI 

FA«F(A) 

FC*FA 

KOUNT«2 

FX>ANAX1(ABS(FBI  .ABS(FCI) 

IF  (ABS(FC).GE.ABSIFBn  GO  TO  A8 

A«B 

FAaFB 

B«C 

FB»FC 

C«A 

FC«FA 

CHB«0.9»(C-BI 

ACN8«ABS(CNB) 

TOL>0.00001«ABS(BI»0. 80001 
IF  (ACNB.LE.TOL)  GO  TO  168 
IF  (K0UNT.GE.50)  GO  TO  268 
P-(B-AI«FB 
OsFA-FB 

IF  (P.6E.0.0)  GO  TO  68 

P«-P 

Q«.0 

A>B 

FA«FB 

ZC>IC«1 

IF  (IC.LT.6I  GO  TO  88 

IF  (8.8«ACHB.CE.ACBS)  GO  TO  128 

1C>8 

ACBS«ACNB 

IF  (P.GT.ABS(0)«T0LI  60  TO  188 
B«B»SI6N(T0L.CHB) 

GO  TO  168 

IF  (P.6E.CNB«Q>  60  TO  128 

BsB*P/0 

GO  TO  168 

B*0.9«ICFBt 

FS*F(BI 

IF  (FB.EQ.8.81  60  TO  188 
KOUNT«KOUNT*1 


IP  (SIGN(1.0«PBI.NC.SI6N(1.0.FC) ) 

GO 

TO 

20 

6 212 

C>A 

6 216 

FC«PA 

C 220 

i 

GO  TO  20 

6 226 

» 

16  Q 

IF  (SIGNd.O.FBl.EQ.SIGNtl.O.FCn 

GO 

TO 

220 

G 220 

? 

IF  (ABS(FBI.GT.FX)  GO  TO  200 

, 

G 2J2 

; 

IFLAG«1 

G 236 

RETURN 

G 260 

f 

180 

IFLAG>2 

C 266 

RETURN 

G 268 

200 

IFLAG>3 

G 252 

RETURN 

G 256 

220 

IFLAGsR 

G 260 

■ • 

RETURN 

G 266 

; 

260 

IFLA6«5 

• 

G 268 

RETURN 

G 272 

t-  ■ 

ENO 

G 276- 
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APPENDIX  B 

DATA  INPUT  FOR  THE  FFG  7 


r 

f 

t 

[ 

I 


2.5  5 

;.7 

9.0 

12.3 

18.9 

25.4  32.0 

197  799 

1037 

1094 

1105 

1106  1107 

4 103 

243 

286 

310 

311  312 

2 

24 

67 

92 

113 

120  121 

0 

e 

25 

45 

58 

59  60 

55  287 

493 

589 

627 

638  642 

2 

55 

221 

329 

415 

446  456 

2 

9 

75 

157 

245 

274  291 

0 

13 

45 

93 

151 

186  211 

FFG  7 

SEAKEEPING  AND  SHIP  MOTION  1 

DATA 

FF67  PLATE  DAMAGE 

45.0 

45.0 

45.0 

45.0 

45. 

FFG7  3 

SLAMS/ 100 

45.  0 

32.92 

18.66 

14.54 

12. 

FFG7  2 

MIN  WETNESS 

45.0 

45.0 

32.25 

21.0 

15. 

FFG7  3/5  SONAP 

20.4 

15.1 

12.74 

11.53 

10. 

3 

FFG 

7 

ROLL 

5 

180 

000/000 

000/000 

000/000 

000/000 

3 

FFG 

7 

ROLL 

5 

165 

068/087 

192/090 

228/090 

209/090 

3 

FFG 

7 

ROLL 

5 

150 

134/087 

327/087 

378/090 

344/090 

3 

FFG 

7 

ROLL 

5 

135 

212/085 

441/090 

467/090 

436/090 

3 

FFG 

7 

ROLL 

5 

120 

301/085 

534/090 

558/090 

489/090 

3 

FFG 

7 

ROLL 

5 

105 

354/087 

566/090 

566/090 

487/090 

3 

FFG 

7 

ROLL 

5 

090 

379/087 

573/090 

551/090 

465/090 

3 

FFG 

7 

ROLL 

5 

075 

570/087 

723/090 

647/090 

529/090 

3 

FFG 

7 

ROLL 

5 

060 

682/087 

804/090 

692/092 

556/092 

3 

FFG 

7 

ROLL 

5 

045 

577/090 

654/092 

554/092 

443/092 

3 

FFG 

7 

ROLL 

5 

030 

375/092 

397/092 

333/092 

267/092 

3 

FFG 

7 

ROLL 

5 

015 

213/090 

203/090 

165/090 

131/090 

3 

FPG 

7 

ROLL 

5 

000 

000/087 

000/087 

000/087 

000/087 

3 

FFG 

7 

ROLL 

10 

180 

000/000 

000/000 

000/000 

000/000 

3 

FFG 

7 

ROLL 

10 

165 

032/079 

118/101 

178/101 

181/101 

3 

FFG 

7 

ROLL 

10 

150 

070/079 

197/101 

275/101 

275/101 

3 

FFG 

7 

ROLL 

10 

135 

124/079 

284/095 

361/095 

349/101 

3 

FFG 

7 

POLL 

10 

120 

194/081 

360/095 

411/095 

381/098 

3 

FFG 

7 

ROLL 

10 

105 

260/087 

431/092 

455/092 

404/095 

3 

FFG 

7 

ROLL 

10 

090 

331/087 

488/090 

473/090 

403/090 

3 

FFG 

7 

ROLL 

10 

075 

634/087 

700/090 

598/092 

481/092 

3 

FFG 

7 

ROLL 

10 

060 

805/090 

765/092 

614/092 

480/092 

3 

FFG 

7 

ROLL 

10 

045 

441/095 

391/095 

320/095 

257/095 

3 

FFG 

7 

ROLL 

10 

030 

122/121 

144/126 

136/128 

119/131 

3 

FFG 

7 

ROLL 

10 

015 

044/128 

058/128 

058/140 

053/143 

3 

FFG 

7 

ROLL 

10 

000 

000/134 

000/140 

000/143 

000/146 

3 

FFG 

7 

ROLL 

15 

180 

000/000 

000/000 

000/000 

000/000 

3 

FFG 

7 

ROLL 

15 

165 

020/077 

064/101 

108/112 

122/112 

3 

FFG 

7 

ROLL 

15 

150 

046/077 

121/101 

182/105 

197/112 

3 

FFG 

7 

ROLL 

15 

135 

083/077 

181/101 

247/105 

254/105 

3 

FFG 

7 

ROLL 

15 

120 

133/077 

238/095 

290/105 

283/105 

3 

FFG 

7 

ROLL 

15 

105 

190/083 

302/095 

332/096 

307/101 

3 

FFG 

7 

POLL 

15 

090 

273/085 

388/090 

361/092 

330/092 

3 

FFG 

7 

ROLL 

15 

075 

643/087 

633/090 

522/092 

416/092 

3 

FFG 

7 

ROLL 

15 

060 

571/101 

513/105 

412/105 

326/105 

3 

TFG 

7 

ROLL 

15 

045 

163/143 

194/143 

181/143 

157/143 

3 

PFr, 

7 

<?OLL 

15 

030 

068/175 

095/175 

097/175 

088/175 

3 

FFG 

7 

ROLL 

15 

015 

028/196 

040/196 

043/196 

040/196 

3 

FFG 

7 

ROLL 

15 

000 

000/203 

000/203 

000/203 

000/203 

3 

FFG 

7 

ROLL 

70 

180 

000/000 

000/000 

000/000 

000/000 

3 

FFG 

7 

ROLL 

20 

165 

015/075 

045/112 

086/112 

110/112 

3 

FPG 

7 

ROLL 

20 

150 

034/075 

088/101 

146/112 

173/112 

3 

FFG 

7 

ROLL 

20 

135 

062/075 

132/101 

190/112 

208/116 

3 

FFG 

7 

ROLL 

20 

120 

107/077 

196/098 

254/105 

259/108 

3 

FFG 

7 

POLL 

20 

105 

163/081 

263/098 

303/101 

287/101 

3 

FFG 

7 

ROLL 

20 

090 

265/085 

373/090 

367/092 

318/092 

3 

FFG 

7 

ROLL 

20 

075 

780/090 

691/092 

547/092 

427/092 

3 

FFG 

7 

ROLL 

20 

060 

321/134 

323/134 

277/134 

228/134 

3 

FFG 

7 

ROLL 

20 

045 

121/190 

153/190 

148/190 

130/190 

3 

FFG 

7 

ROLL 

20 

0 30 

0 86/2  62 

090/233 

087/233 

079/233 

3 

FFG 

7 

ROLL 

20 

015 

024/331 

036/273 

039/262 

037/262 

3 

FFG 

7 

ROLL 

20 

000 

000/370 

000/299 

000/273 

000/273 

3 

FFG 

7 

ROLL 

25 

180 

000/000 

000/000 

000/000 

000/000 

3 

FFG 

7 

ROLL 

25 

165 

012/077 

032/101 

070/126 

099/126 

3 

FFG 

7 

ROLL 

25 

150 

027/075 

064/101 

112/112 

143/126 

3 

FFG 

7 

ROLL 

25 

135 

050/073 

104/095 

156/116 

182/116 

3 

FFG 

7 

ROLL 

25 

120 

086/075 

153/098 

203/108 

216/116 

3 

FFG 

7 

ROLL 

25 

105 

135/081 

219/098 

261/101 

255/108 

3 

FFG 

7 

ROLL 

25 

090 

251/085 

350/090 

345/092 

301/005 

3 

FFG 

7 

ROLL 

25 

075 

930/090 

749/092 

571/092 

439/092 

3 

FFG 

7 

ROLL 

25 

060 

253/170 

264/165 

232/165 

194/165 

3 

FFG 

7 

ROLL 

25 

045 

116/299 

142/242 

137/242 

121/242 

3 

FFG 

7 

ROLL 

25 

030 

072/571 

085/393 

0 85/299 

078/299 

3 

FFG 

7 

ROLL 

25 

015 

039/073 

042/571 

042/393 

038/331 

3 

FFG 

7 

ROLL 

25 

000 

000/077 

000/077 

000/077 

000/349 

3 

FFG 

7 

PITCH 

5 

160 

047/070 

082/081 

096/090 

095/101 

3 

FFG 

7 

PITCH 

5 

165 

050/071 

084/081 

096/090 

095/101 

3 

FFG 

7 

PITCH 

5 

150 

059/071 

090/079 

098/087 

094/101 

3 

FFG 

7 

PITCH 

5 

135 

074/068 

098/077 

098/085 

089/095 

3 

FFG 

7 

PITCH 

• 5 

120 

096/063 

102/071 

092/081 

079/090 

3 

FFG 

7 

PITCH 

5 

105 

096/057 

083/065 

067/073 

054/083 

3 

FFG 

7 

PITCH 

5 

090 

013/045 

009/048 

006/048 

004/048 

3 

FFG 

7 

PITCH 

5 

075 

086/065 

074/075 

060/083 

049/092 

3 

FFG 

7 

PITCH 

5 

060 

074/081 

082/090 

077/101 

068/112 

3 

FFG 

7 

PITCH 

5 

045 

056/092 

077/101 

081/112 

077/121 

3 

FFG 

7 

PITCH 

5 

030 

043/101 

071/108 

081/121 

080/131 

3 

FFG 

7 

PITCH 

5 

015 

037/105 

066/112 

080/121 

081/134 

3 

FFG 

7 

PITCH 

5 

000 

035/105 

084/116 

079/126 

081/134 

3 

FFG 

7 

PITCH 

10 

180 

049/070 

088/081 

101/090 

100/098 

3 

FFG 

7 

PITCH 

10 

165 

052/070 

090/081 

102/090 

100/098 

3 

FFG 

7 

PITCH 

10 

150 

061 /067 

095/079 

103/087 

098/101 

3 

FFG 

7 

PITCH 

10 

135 

078/068 

103/077 

102/085 

093/092 

3 

FFG 

7 

PITCH 

10 

120 

098/063 

105/071 

094/081 

081/090 

3 

FFG 

7 

PITCH 

10 

105 

092/057 

081/063 

066/075 

054/083 

3 

FFG 

7 

PITCH 

10 

090 

012/045 

008/045 

006/045 

004/045 

3 

FFG 

7 

PITCH 

10 

075 

080/070 

069/079 

057/087 

047/108 

B-2 


3 

FFG 

7 

PITCH 

la 

060 

067/092 

076/105 

072/112 

064/121 

3 

FFG 

7 

PITCH 

10 

045 

051/112 

072/121 

076/128 

073/134 

3 

FFG 

7 

PITCH 

10 

030 

039/126 

066/134 

076/140 

076/146 

3 

FFG 

7 

PITCH 

10 

015 

033/134 

061/140 

074/150 

076/157 

3 

FFG 

7 

PITCH 

10 

000 

031/140 

059/143 

074/150 

076/161 

3 

FFG 

7 

PITCH 

15 

IBO 

050/071 

092/079 

106/090 

104/098 

3 

FFG 

7 

PITCH 

15 

165 

053/071 

094/079 

107/090 

104/098 

3 

FFG 

7 

PITCH 

15 

150 

062/071 

099/079 

107/087 

102/101 

3 

FFG 

7 

PITCH 

15 

135 

078/06S 

106/075 

105/0  85 

096/092 

3 

FFG 

7 

PITCH 

15 

120 

096/063 

105/071 

095/081 

082/090 

3 

FFG 

7 

PITCH 

15 

105 

089/057 

060/063 

066/075 

053/083 

3 

FFG 

7 

PITCH 

15 

090 

011/045 

008/045 

005/045 

004/045 

3 

FFG 

7 

PITCH 

15 

075 

075/077 

065/085 

054/092 

045/112 

3 

FFG 

7 

PITCH 

15 

060 

062/108 

072/116 

069/121 

062/131 

3 

FFG 

7 

PITCH 

15 

045 

046/143 

067/143 

072/143 

069/150 

3 

FFG 

7 

PITCH 

15 

030 

035/175 

060/175 

071/175 

071/175 

3 

FFG 

7 

PITCH 

15 

015 

029/196 

056/196 

069/196 

071/196 

3 

FPG 

7 

PITCH 

15 

000 

028/203 

054/203 

068/203 

071/203 

3 

FPG 

7 

PITCH 

20 

180 

048/073 

093/079 

108/090 

107/098 

3 

FFG 

7 

PITCH 

20 

165 

051/073 

095/079 

109/087 

106/098 

3 

FFG 

7 

PITCH 

20 

150 

060/071 

100/079 

109/087 

103/101 

3 

FFG 

7 

PITCH 

20 

135 

075/068 

105/075 

106/085 

097/092 

3 

FFG 

7 

PITCH 

20 

120 

092/065 

104/071 

095/081 

082/090 

3 

FFG 

7 

PITCH 

20 

105 

085/057 

078/063 

065/070 

053/083 

3 

FFG 

7 

PITCH 

20 

090 

011/045 

007/045 

005/045 

004/045 

3 

FFG 

7 

PITCH 

20 

075 

070/053 

062/090 

052/105 

043/116 

3 

FFG 

7 

PITCH 

20 

060 

059/134 

069/134 

066/134 

060/134 

3 

FFG 

7 

PITCH 

20 

045 

042/190 

062/190 

067/190 

064/190 

3 

FFG 

7 

PITCH 

20 

030 

033/251 

056/233 

065/233 

066/233 

3 

FFG 

7 

PITCH 

20 

015 

028/314 

053/262 

065/262 

067/262 

3 

FFG 

7 

PITCH 

20 

000 

027/349 

052/273 

065/273 

068/273 

3 

FFG 

7 

PITCH 

25 

180 

044/073 

092/081 

109/087 

108/098 

3 

FFG 

7 

PITCH 

25 

165 

047/073 

094/081 

109/087 

107/098 

3 

FFG 

7 

PITCH 

25 

150 

056/071 

096/079 

109/085 

104/101 

3 

FFG 

7 

PITCH 

25 

135 

071/068 

.104/077 

106/083 

097/095 

3 

FFG 

7 

PITCH 

25 

120 

057/067 

102/071 

094/077 

082/090 

3 

FFG 

7 

PITCH 

25 

105 

082/063 

077/063 

064/070 

052/083 

3 

FFG 

7 

PITCH 

25 

090 

010/045 

007/045 

006/045 

005/140 

3 

FFG 

7 

PITCH 

25 

075 

068/087 

061/092 

051/108 

043/121 

3 

FFG 

7 

PITCH 

25 

060 

055/165 

065/165 

063/165 

057/165 

3 

FFG 

7 

PITCH 

25 

045 

040/273 

051/242 

062/242 

060/242 

3 

FFG 

7 

PITCH 

25 

030 

033/524 

054/331 

063/299 

063/299 

3 

FFG 

7 

PITCH 

25 

015 

032/098 

054/463 

064/349 

065/331 

3 

FFG 

7 

PITCH 

25 

000 

029/000 

052/524 

063/370 

065/349 

3 

FFG 

7 

HEAVE 

5 

180 

144/052 

168/085 

181/092 

179/108 

3 

FFG 

7 

HEAVE 

5 

165 

152/052 

176/083 

188/092 

185/101 

3 

FFG 

7 

HEAVE 

5 

150 

179/048 

204/083 

211/092 

202/101 

3 

FFG 

7 

HEAVE 

5 

135 

234/068 

259/079 

254/090 

233/101 

3 

FFG 

7 

HEAVE 

5 

120 

368/063 

369/075 

331/085 

286/092 

3 

FFG 

7 

HEAVE 

5 

105 

703/052 

587/057 

471/075 

379/085 
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I 


i 
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f 
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f 

t 


t 


3 

FPG 

7 

HEA\/E 

5 

090 

866/052 

684/057 

526/070 

413/079 

3 

FFG 

7 

HEAVE 

5 

075 

389/070 

366/079 

315/090 

266/105 

3 

FFG 

7 

HEAVE 

5 

050 

146/085 

189/095 

191/108 

178/116 

3 

PFG 

7 

HEAVE 

5 

045 

068/098 

112/103 

131/116 

132/128 

3 

FPG 

7 

HEAVE 

5 

030 

040/105 

077/116 

100/126 

106/131 

3 

FFG 

7 

HEAVE 

5 

015 

030/112 

061/121 

084/131 

093/143 

3 

FFG 

7 

HEAVE 

5 

000 

027/112 

067/121 

080/134 

089/143 

3 

FFG 

7 

HEAVE 

10 

180 

217/052 

267/079 

274/090 

259/101 

3 

FFG 

7 

HEAVE 

10 

165 

226/052 

276/079 

282/090 

265/101 

3 

FPG 

7 

HEAVE 

10 

150 

257/065 

309/077 

307/087 

283/101 

3 

FPG 

7 

HEAVE 

10 

135 

333/063 

379/073 

356/083 

316/092 

3 

FFG 

7 

HEAVE 

10 

120 

516/057 

509/06  3 

441/079 

370/090 

3 

FFG 

7 

HEAVE 

10 

105 

842/052 

700/057 

554/057 

441/079 

3 

FFG 

7 

HEAVE 

10 

090 

883/052 

682/057 

524/070 

412/079 

3 

FFG 

7 

HEAVE 

10 

075 

329/075 

314/085 

275/095 

235/112 

3 

FPG 

7 

heave 

10 

060 

108/095 

146/lOS 

153/116 

145/126 

3 

FFG 

7 

HEAVE 

10 

045 

045/116 

081/126 

098/134 

101/143 

3 

FFG 

7 

HEAVE 

10 

030 

023/131 

052/140 

070/146 

077/153 

3 

FFG 

7 

HEAVE 

10 

015 

016/128 

039/146 

057/157 

065/165 

3 

FFG 

7 

HEAVE 

10 

000 

014/143 

035/150 

053/161 

062/170 

3 

FFG 

7 

HEAVE 

15 

ISO 

272/070 

394/073 

407/077 

375/090 

3 

FFG 

7 

HEAVE 

15 

165 

287/070 

409/073 

417/077 

381/090 

3 

FFG 

7 

HEAVE 

15 

150 

341/067 

45‘>’/07l 

448/075 

400/087 

3 

PFG 

7 

HEAVE 

15 

135 

463/064 

547/06S 

503/068 

433/083 

3 

FFG 

7 

HEAVE 

15 

120 

684/063 

680/063 

578/063 

476/065 

3 

P«^G 

7 

HEAVE 

15 

105 

974/057 

315/057 

641/057 

507/057 

3 

FFG 

7 

HEAVE 

15 

090 

881/052 

681/057 

523/070 

411/079 

3 

FFG 

7 

HEAVE 

15 

075 

275/031 

268/092 

239/105 

207/116 

3 

FFG 

7 

HEAVE 

15 

060 

080/112 

113/121 

121/131 

117/140 

3 

FFG 

7 

HEAVE 

15 

045 

028/143 

055/150 

070/157 

075/165 

3 

FFG 

7 

HEAVE 

15 

030 

012/175 

032/175 

046/175 

053/185 

3 

FFG 

7 

HEAVE 

15 

015 

007/196 

022/196 

022/196 

043/196 

3 

FFG 

7 

HEAVE 

15 

000 

006/203 

020/203 

032/203 

040/203 

3 

FFG 

7 

HEAVE 

20 

ISO 

343/071 

569/075 

593/077 

537/079 

3 

FFG 

7 

HEAVE 

20 

165 

368/071 

589/073 

604/077 

542/077 

3 

FFG 

7 

HEAVE 

20 

150 

450/071 

651/071 

637/075 

559/075 

3 

FFG 

7 

HEAVE 

20 

135 

601/068 

746/06S 

684/070 

580/073 

3 

FFG 

7 

HEAVE 

20 

120 

845/053 

863/063 

731/067 

597/067 

3 

FFG 

7 

HEAVE 

20 

105 

1097/057 

928/057 

730/057 

575/057 

3 

FFG 

7 

HEAVE 

20 

090 

881/052 

680/057 

523/070 

411/079 

3 

FFG 

7 

HEAVE 

20 

075 

227/037 

228/101 

207/112 

182/121 

3 

FFG 

7 

HEAVE 

20 

060 

056/134 

084/134 

094/146 

093/153 

3 

FFG 

7 

HEAVE 

20 

045 

016/190 

035/190 

047/190 

053/190 

3 

FFG 

7 

HEAVE 

20 

030 

006/233 

017/233 

028/233 

035/233 

3 

FFG 

7 

HEAVE 

20 

015 

007/273 

012/262 

020/262 

027/262 

3 

FFG 

7 

HEAVE 

20 

000 

006/299 

010/273 

018/273 

024/273 

3 

FFG 

7 

HEAVE 

25 

ISO 

413/073 

766/077 

814/079 

735/081 

3 

FFG 

7 

HEAVE 

25 

165 

441/073 

787/077 

823/079 

737/079 

3 

FFG 

7 

HEAVE 

25 

150 

538/071 

850/075 

847/077 

742/077 

3 

FFG 

7 

HEAVE 

25 

135 

723/068 

952/073 

381/073 

746/073 

B-4 


3 

FFG 

7 

HEAVE 

25 

120 

985/065 

1045/067 

890/067 

724/067 

3 

FFG 

7 

HEAVE 

25 

105 

1212/057 

1042/057 

820/063 

644/063 

3 

FFG 

7 

HEAVE 

25 

090 

882/052 

680/057 

523/070 

411/079 

3 

FFG 

7 

HEAVE 

25 

075 

185/095 

194/108 

180/116 

160/128 

3 

FFG 

7 

HEAVE 

25 

060 

036/165 

059/165 

070/165 

072/165 

3 

FF6 

7 

HEAVE 

25 

0L5 

0 08/242 

020/242 

030/242 

037/242 

3 

FFG 

7 

HEAVE 

25 

030 

011/063 

011/299 

017/299 

022/299 

3 

FFG 

7 

HEAVE 

25 

015 

014/067 

010/349 

012/331 

016/331 

3 

FFG 

7 

HEAVE 

25 

000 

016/068 

011/370 

011/349 

015/349 

3 

FFG 

7 

VELBUL 

5 

lAO 

112/ 

70 

167/  79 

184/  87 

179/  98 

3 

FFG 

7 

VELBUL 

5 

165 

117/ 

70 

171/  79 

186/  87 

180/  98 

3 

FFG 

7 

VELBUL 

5 

150 

134/ 

67 

186/  77 

194/  85 

184/  92 

3 

FFG 

7 

VELBUL 

5 

135 

168/ 

64 

209/  75 

206/  83 

188/  95 

3 

FFG 

7 

VELBUL 

5 

120 

228/ 

63 

239/  71 

217/  81 

191/105 

3 

FFG 

7 

VELBUL 

5 

105 

282/ 

57 

251/  70 

214/  87 

184/108 

3 

FFG 

7 

VELBUL 

5 

090 

237/ 

63 

211/  79 

184/  98 

161/116 

3 

FFG 

7 

VELBUL 

5 

075 

261/ 

64 

228/  79 

194/101 

167/116 

3 

FFG 

7 

VELBUL 

5 

060 

171/ 

79 

181/  87 

169/105 

153/121 

3 

FFG 

7 

VELBUL 

5 

045 

112/ 

90 

142/101 

146/112 

139/126 

3 

FFG 

7 

VELBUL 

5 

030 

081/ 

98 

118/108 

130/116 

129/131 

3 

FFG 

7 

VELBUL 

5 

015 

066/105 

104/112 

121/121 

122/134 

3 

FFG 

7 

VELBUL 

5 

000 

062/105 

100/116 

117/126 

120/134 

3 

FFG 

7 

VELBUL 

10 

ISO 

121/ 

70 

188/  79 

207/  87 

200/  98 

3 

FFG 

7 

VELBUL 

10 

165 

126/ 

70 

192/  79 

209/  87 

201/  98 

3 

FFG 

7 

VELBUL 

10 

150 

144/ 

67 

206/  77 

216/  85 

203/  92 

3 

FFG 

7 

VELBUL 

10 

135 

181/ 

64 

229/  75 

225/  83 

205/  92 

3 

FFG 

7 

VELBUL 

10 

120 

241/ 

63 

255/  71 

231/  83 

203/  95 

3 

FFG 

7 

VELBUL 

10 

105 

288/ 

57 

258/  70 

221/  87 

189/108 

3 

FFG 

7 

VELBUL 

10 

090 

235/ 

63 

209/  70 

182/  18 

160/116 

3 

FFG 

7 

VELBUL 

10 

075 

221/ 

70 

198/  85 

173/108 

151/121 

3 

FFG 

7 

VELBUL 

10 

060 

130/ 

92 

145/105 

141/116 

131/134 

3 

FFG 

7 

VELBUL 

10 

045 

080  /108 

110/121 

117/128 

114/143 

3 

FFG 

7 

VELBUL 

10 

030 

054/126 

087/131 

100/140 

102/153 

3 

FFG 

7 

VELBUL 

10 

015 

042/128 

074/140 

091/150 

095/157 

3 

FFG 

7 

VELBUL 

10 

000 

039/137 

070/143 

088/150 

093/161 

3 

FFG 

7 

VELBUL 

15 

18  0 

124/ 

70 

203/  79 

226/  87 

219/  98 

3 

FFG 

7 

VELBUL 

15 

165 

131/ 

70 

208/  79 

228/  87 

219/  98 

3 

FFG 

7 

VELBUL 

15 

150 

153/ 

67 

224/  77 

235/  87 

221/  92 

3 

FFG 

7 

VELBUL 

15 

135 

195/ 

64 

248/  73 

243/  83 

221/  95 

3 

FFG 

7 

VELBUL 

15 

120 

258/ 

63 

273/  70 

247/  83 

216/  95 

3 

FFG 

7 

VELBUL 

15 

105 

299/ 

57 

270/  65 

230/  87 

196/108 

3 

FFG 

7 

VELBUL 

15 

090 

232/ 

63 

207/  79 

180/  98 

158/116 

3 

FFG 

7 

VELBUL 

15 

075 

186/ 

77 

172/  90 

154/112 

137/128 

3 

FFG 

7 

VELBUL 

15 

060 

100/108 

118/116 

118/128 

112/143 

3 

FFG 

7 

VELBUL 

15 

045 

056/143 

083/143 

092/143 

093/157 

3 

FFG 

7 

VELBUL 

15 

030 

034/175 

061/175 

075/175 

079/175 

3 

FFG 

7 

VELBUL 

15 

015 

025/196 

050/196 

065/196 

072/196 

3 

FFG 

7 

VELBUL 

15 

000 

023/203 

047/203 

062/203 

069/203 

3 

FFG 

7 

VELBUL 

20 

180 

135/ 

70 

227/  77 

250/  87 

240/  98 

3 

FFG 

7 

VELBUL 

20 

165 

143/ 

70 

233/  77 

253/  87 

241/  98 

B-5 


3 

F^G 

7 

VeLRUL 

20 

150 

169/ 

67 

251/ 

75 

260/  85 

242/  92 

3 

FFG 

7 

VELRUL 

20 

135 

216/ 

64 

276/ 

70 

268/  83 

241/  95 

3 

FFG 

7 

VEL8UL 

20 

120 

280/ 

63 

298/ 

67 

268/  83 

232/  95 

3 

FFG 

7 

VELBUL 

20 

105 

314/ 

57 

285/ 

63 

242/  85 

205/108 

3 

FFG 

7 

VELBUL 

20 

090 

231/ 

63 

206/ 

79 

179/  98 

157/116 

3 

FPG 

7 

VELBUL 

20 

075 

157/ 

85 

150/105 

133/116 

125/134 

3 

FFG 

7 

VELBUL 

20 

060 

077/134 

095/134 

098/134 

096/134 

3 

FFG 

7 

VELBUL 

20 

045 

036/190 

059/190 

070/190 

073/190 

3 

FFG 

7 

VELBUL 

20 

030 

021/242 

040/233 

053/233 

060/233 

3 

FFG 

7 

VELBUL 

20 

015 

016/299 

032/262 

0 45/262 

052/262 

3 

FFG 

7 

VELBUL 

20 

000 

015/314 

030/273 

043/273 

050/273 

3 

FFG 

7 

VELBUL 

25 

130 

147/ 

73 

262/ 

77 

287/  79 

272/  90 

3 

FFG 

7 

VELBUL 

25 

165 

156/ 

71 

268/ 

75 

2 89/  79 

272/  90 

3 

FFG 

7 

VELBUL 

25 

150 

186/ 

71 

286/ 

73 

295/  77 

272/  81 

3 

FFG 

7 

VELBUL 

25 

135 

238/ 

68 

312/ 

70 

301/  73 

268/  75 

3 

FFG 

7 

VELBUL 

25 

120 

3 04/ 

63 

329/ 

67 

295/  67 

253/  95 

3 

FFG 

7 

VELBUL 

25 

105 

333/ 

57 

304/ 

63 

257/  85 

217/101 

3 

FFG 

7 

VELBUL 

25 

090 

229/ 

63 

204/ 

79 

178/  98 

155/116 

3 

FFG 

7 

VELBUL 

25 

075 

134/ 

87 

132/108 

124/126 

114/140 

3 

FFG 

7 

VELBUL 

25 

060 

056/165 

074/165 

080/165 

080/165 

3 

FFG 

7 

VELBUL 

25 

045 

022/262 

040/242 

051/242 

056/242 

3 

FFG 

7 

VELBUL 

25 

030 

017/419 

026/314 

037/299 

043/299 

3 

FFG 

7 

VELBUL 

25 

015 

019/571 

021/393 

029/331 

037/331 

3 

FFG 

7 

VELBUL 

25 

000 

019/ 

83 

019/419 

027/349 

034/349 

APPENDIX  C 

PROGRAM  OUTPUT  FOR  THE  FFG  7 


LXNITIN6  FACTORS  FF6  7 GENERAL  CRITERIA  ONLT 

< t - G 1 

r.S  SECOND  NOOAL  HAVE  RERIOO 


. . SHIP  • 

F0LL0NIN6 

BEAN 

HEAD 

SPEED  • 

SEA 

SEA 

SEA 

CKNOTS>» 

• 

15 

30 

A5  6 

75 

90 

105 

120 

135  15 

155 

100 

• 

9 • 

0 

1 

1 

1 

3 

3 

3 

3 

0 

0 

10  • 

0 

0 

1 

1 

3 

3 

3 

3 

0 

0 

11  • 

0 

0 

B 

1 

3 

3 

3 

3 

5 

5 

20  • 

0 

0 

0 

1 

3 

3 

3 

3 

5 

5 

25  • 

0 

0 

0 

1 

3 

3 

3 

3 

5 

5 

LZHITIK6  SEAKEEPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  NAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DECREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 MOTION  SICKNESS  INDICATOR 

120  PERCENT  OF  LARORATORV  SUBJECTS 
EXPERIENCE  EMESIS  NITHIN  2 HOURS) 

A BOTTOM  PLATE  DAMAGE 

S 3 SLAMS  IN  100  MOTION  CYCLES 

• ONE  DECK  NETNESS  EVERY  TNO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 B.O  DEGREE  DDUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

B 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/5  DETECTION  OPPORTUNITIES) 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET) 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 


SPEED 

0 

15 

30 

55 

60 

75 

90 

105 

120 

135 

150 

165 

100 

« 

(KNOTS) 

5 

32 

32 

26 

17 

15 

17 

0 

11 

19 

31 

32 

32 

32 

10 

32 

32 

32 

22 

12 

15 

0 

9 

15 

21 

20 

32 

32 

15 

32 

32 

32 

32 

17 

15 

0 

7 

10 

15 

21 

19 

19 

20 

32 

32 

32 

32 

30 

12 

0 

7 

6 

12 

16 

15 

15 

• 

25 

32 

32 

32 

32 

32 

10 

0 

6 

7 

10 

15 

13 

13 

C-1 


LIHITING  FACTORS  FFG  7 GENERAL  CRITERIA  ONLY 

I  1 • 6 t 

9.0  SECOND  NODAL  HAVE  PERIOO 


SHIP  • 
SPEED  • 
(KNOTS)* 

• 

FOLLOWING 

SEA 

0 15 

30 

60 

75 

BEAN 

SEA 

90 

105 

4I44»« 

120 

135 

150 

165 

HEAD 

SEA 

100 

5 

2 

0 

1 

1 

1 

1 

3 

3 

1 

1 

2 

2 

2 

10 

0 

0 

0 

1 

1 

1 

3 

3 

3 

3 

3 

2 

2 

15 

• 

0 

0 

0 

0 

1 

1 

3 

3 

3 

3 

3 

3 

3 

20 

• 

0 

0 

0 

0 

1 

1 

3 

3 

3 

3 

3 

3 

3 

25 

• 

0 

0 

0 

0 

0 

1 

3 

3 

3 

3 

3 

3 

3 

LIHITING  SEAKEEFING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EHESIS  HITHIN  2 HOURS) 

A eOTTOH  PLATE  0ANA6E 

5 3 SLANS  IN  100  NOTION  CYCLES 

6 ONE  DECK  NETNESS  EVERY  THO  HINUTES 

7 12.0  DEGREE  DOUBLE  AHPLITUOE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AHPLITUOE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DONE  EHERGENCE  CRITERION 

(3/5  DETECTION  OPPORTUNITIES) 


ACCEPTABLE  SIGMFICANT  HAVE  HEIGHT  (FEET) 


SNIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

0 

15 

30 

(KNOTS) 

5 

29 

32 

2% 

10 

32 

32 

32 

15 

32 

32 

32 

20 

32 

32 

32 

25 

32 

32 

32 

AS 

60 

75 

90 

105 

15 

12 

13 

11 

12 

25 

13 

lA 

11 

to 

32 

19 

15 

11 

9 

32 

30 

lA 

11 

0 

32 

32 

13 

11 

7 

120 

135 

ISO 

165 

180 

10 

22 

27 

29 

29 

lA 

19 

2A 

27 

27 

11 

13 

16 

10 

19 

0 

10 

11 

12 

13 

7 

0 

9 

10 

10 

LINiriNG  FACrORS  FF6  T CeNERRL  CRXrERZA  ONLY 

( 1 • 6 I 

11.0  SECOND  NOOAL  NAVE  PERIOD 


SHIP 

• F0LL0NIN6 

BEAN 

HEAD 

SPEED 

SEA 

SEA 

SEA 

(KNOTS! 

• 0 

IS 

30 

k9 

60  7 

90  109 

120 

139  IS 

169 

ISO 

9 

• 2 

2 

1 

1 

1 

3 3 

1 

1 

2 

2 

10 

• 0 

0 

2 

1 

1 

3 3 

3 

3 

2 

2 

IS 

• 0 

0 

0 

0 

1 

3 3 

3 

3 

3 

3 

20 

• 0 

0 

0 

0 

0 

3 3 

3 

3 

3 

3 

2S 

• 0 

0 

0 

0 

0 

3 3 

3 

3 

3 

3 

LIMITING  SEAKEEPING  FACTORS 


0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  NAVES  NXTH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 MOTION  SICKNESS  INDICATOR 

C20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EMESIS  MITHIN  2 HOURSI 

A BOTTOM  PLATE  DAMAGE 

5 3 SLAMS  IN  100  MOTION  CYCLES 

6 ONE  DECK  NETNESS  EVERY  TWO  MINUTES 

T 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PZTCN 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/S  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET! 


SNIP  HEADING  ANGLE  IN  DEGREES 


SHIP 


SPEED 

(KNOTS! 

0 

19 

30 

69 

60 

7S 

90 

lOS 

120 

13S 

ISO 

169 

100 

S 

30 

30 

29 

17 

16 

IS 

16 

16 

17 

20 

26 

2S 

29 

10 

32 

32 

32 

30 

10 

16 

16 

13 

17 

22 

23 

26 

26 

IS 

32 

32 

32 

32 

23 

10 

16 

11 

12 

16 

17 

10 

10 

20 

32 

32 

32 

32 

32 

10 

16 

10 

10 

11 

12 

12 

13 

29 

32 

32 

32 

32 

32 

17 

16 

9 

0 

0 

9 

9 

9 

C-3 


LIMITING 

FACTORS 

FFG 

T 

GENERAL  CRITERIA  ONLV 

• 

( 

1 

- 6 1 

13.0 

SECOND 

nodal  NAVE 

PERIOD 

SHIP 

FOLLOHING 

BEAN 

HEAD 

SPEED 

• 

SEA 

SEA 

SEA 

( KNOTS!  • 

0 

« 

15 

30 

L5 

60 

T5 

90  105 

120  135 

150 

16$ 

»•««« 

100 

5 

« 

2 

2 

2 

1 

1 

1 

3 

1 

1 1 

2 

2 

2 

10 

2 

2 

2 

0 

1 

1 

3 

3 

3 2 

2 

2 

2 

15 

0 

0 

0 

0 

1 

1 

3 

3 

3 3 

3 

5 

5 

20 

0 

0 

0 

0 

0 

1 

3 

3 

3 3 

3 

3 

3 

25 

• 

0 

0 

0 

0 

0 

1 

3 

3 

3 3 

3 

3 

3 

LIHITING  SEAKi-EPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  WITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EHESIS  UITHIN  2 HOURSI 

k BOTTON  PLATE  0AHA6E 

5 3 SLAHS  IN  100  NOTION  CYCLES 

6 ONE  DECK  HETNESS  EVERY  TWO  NINUTES 

7 12.0  DEGREE  DOUBLE  AHPLITUOE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AHPLITUOE  SIGNIFICANT  PITCH 

B T.O  FT/SEC  SIC  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DONE  EMERGENCE  CRITERION 

(3/5  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  (FEET! 


SHIP  heading  angle  in  degrees 


SHIP 

SPEED 

0 

15 

30 

65 

60 

(KNOTS! 

5 

30 

30 

30 

22 

IT 

10 

32 

32 

32 

32 

20 

15 

32 

32 

32 

32 

29 

20 

32 

32 

32 

32 

32 

25 

32 

32 

32 

32 

32 

T5 

90 

105 

120 

135 

150 

165 

100 

10 

10 

20 

20 

22 

26 

25 

25 

20 

10 

IT 

23 

26 

26 

26 

26 

23 

19 

lA 

15 

10 

20 

19 

19 

22 

19 

13 

12 

13 

13 

16 

16 

22 

19 

11 

10 

10 

10 

10 

11 
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LXMXTINC  FACTORS  FF6  7 GENERAL  ANO  HELICOPTER  CRITERIA 

( 1 - 9 J 

7.0  SECOND  HOOAL  HAVE  PERIOD 


SHIP 

SPEED 

KNOTS! 

• F0LL0HIN6 

• SEA 

• 

•8  15 

30 

45 

60 

75 

BEAN 

SEA 

90 

105 

«««• 

120 

135 

150 

165 

HEAD 

SEA 

108 

5 

• 

• 0 

7 

7 

7 

7 

7 

3 

7 

7 

7 

7 

9 

9 

18 

• 0 

8 

7 

7 

7 

7 

3 

3 

3 

8 

9 

9 

9 

19 

• 8 

0 

0 

7 

7 

7 

3 

3 

3 

3 

3 

9 

9 

20 

• 0 

0 

8 

7 

7 

7 

3 

3 

3 

3 

3 

5 

9 

29 

• 8 

0 

8 

7 

7 

7 

3 

3 

3 

3 

3 

5 

5 

LIHITIKC  SEAFEEPING  FACTORS 


0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  ANPLITUOE  AVERAGE  ROLL 

2 3.0  DECREE  SINGLE  ANPLITUOE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

120  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EMESIS  HITHIN  2 HOURSI 

A BOTTOM  PLATE  DAMAGE 

9 3 SLAMS  IN  100  MOTION  CYCLES 

6 ONE  DECK  HETNESS  EVERY  THO  MINUTES 

7 12.8  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

8 6.0  DEGREE  DOUBLE  ANPLITUOE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/5  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGIIFICANT  HAVE  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

8 

15 

38 

69 

60 

75 

90 

105 

120 

139 

190 

169 

188 

(KNOTS! 

9 

32 

19 

9 

6 

5 

6 

0 

9 

11 

15 

2A 

30 

31 

10 

32 

32 

26 

7 

A 

5 

8 

9 

lA 

19 

2A 

20 

29 

19 

32 

32 

32 

20 

6 

5 

8 

7 

10 

15 

21 

19 

19 

20 

32 

32 

32 

26 

10 

A 

8 

7 

0 

12 

16 

19 

15 

29 

32 

32 

32 

28 

13 

3 

0 

6 

7 

18 

lA 

13 

13 

C-5 


LIMITING  FACTORS  FFG  7 GENERAL  AND  HELICOPTER  CRITERIA 

C I - 9 » 

9.0  SECOND  MODAL  NAVE  PERIOD 


SHIP 

SPEED 

KNOTS! 

• FOLLCHING 

• SEA 

• 

• 0 15 

30 

^5 

60 

79 

BEAN 

SEA 

90 

109 

• ••• 

120 

135 

150 

165 

HEAD 

SEA 

laa 

5 

• a 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

a 

10 

• a 

0 

7 

7 

7 

7 

7 

7 

7 

7 

a 

a 

a 

15 

• B 

a 

a 

7 

7 

7 

7 

3 

3 

3 

a 

a 

a 

20 

• a 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

25 

• 0 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

LIMITING  SEAKEEPING  FACTORS 

0 NO  SEAKEEPINC  THRESHOLD  EXCEEDED  FOR  NAVES  NITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 MOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EMESIS  HITHIN  2 HOURS! 

A BOTTOM  PLATE  DAMAGE 

9 3 SLAMS  IN  100  MOTION  CYCLES 

6 ONE  DECK  NETNESS  EVERY  THO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIC  VERTICAL  VELOCITY  AT  THE  HELO  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/5  DETECTION  OPPORTUNITIES! 


ACCIPTAOLE  significant  nave  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

a 

15 

30 

69 

6a 

75 

90 

105 

120 

135 

150 

169 

laa 

(KNOTS! 

5 

la 

16 

a 

9 

6 

A 

6 

6 

6 

7 

10 

17 

la 

10 

25 

29 

22 

a 

6 

5 

7 

7 

9 

11 

16 

. 17 

17 

15 

20 

27 

29 

16 

6 

5 

a 

9 

11 

13 

15 

16 

16 

20 

29 

20 

27 

21 

la 

9 

9 

a 

a 

10 

11 

12 

13 

25 

29 

20 

20 

23 

12 

6 

9 

7 

7 

a 

9 

10 

la 

C-6 


LIMITING  FACTORS  FFG  7 GENERAL  AND  HELICOPTER  CRITERIA 

11-9) 

11.0  SECOND  NOOAL  HAVE  PERIOD 


SHIP 

SPEED 

KNOTS) 

• F0LL0H1N6 

• SEA 

« 

• 0 19 

30 

45 

60 

75 

BEAN 

SEA 

90 

105 

120 

139 

190 

169 

HEAD 

SEA 

lao 

9 

• a 

0 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

a 

10 

• 0 

0 

a 

7 

7 

7 

7 

7 

7 

7 

7 

a 

a 

19 

• B 

a 

a 

7 

7 

7 

7 

7 

7 

7 

a 

a 

a 

20 

• 0 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

29 

• 0 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

LIMITING  SEAKEEPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

J 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH  | 

3 MOTION  SICKNESS  INDICATOR  I 

120  PERCENT  OF  LABORATORV  SUBJECTS 

EXPERIENCE  EMESIS  HITHIN  2 HOURS)  | 

1 

A BOTTOM  PLATE  DAMAGE 

9 3 SLAMS  IN  100  NOTION  CTCLES 

6 ONE  DECK  HETNESS  EVERT  THO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

B 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH  | 

9 7.0  FT/SEC  SIC  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/9  DETECTION  OPPORTUNITIES) 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET) 


SHIP  HEADING  ANGLE  IN  DECREES 


SNIP 

SPEED 

a 

19 

30 

69 

aa 

79 

90 

109 

120 

139 

ISO 

169 

laa 

(KNOTS) 

9 

19 

19 

10 

6 

9 

9 

6 

6 

6 

7 

a 

16 

16 

10 

20 

20 

20 

10 

9 

9 

7 

7 

a 

9 

12 

19 

19 

19 

22 

22 

21 

la 

a 

6 

a 

10 

11 

13 

16 

16 

16 

20 

23 

23 

23 

22 

12 

6 

9 

10 

10 

11 

12 

12 

13 

29 

26 

23 

26 

23 

16 

6 

9 

9 

a 

a 

9 

9 

9 
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LIMITING  FACTORS 

FFG 

7 

GENERAL  AND  HELICOPTER 

CRITERIA 

• 

( 

1 

- 9 1 

13.0 

SECOND 

NODAL  WAVE  PERIOD 

SHIP 

» F0LL0N1N6 

BEAN 

HEAD 

« 

SPEED 

SEA 

SEA 

SEA 

(KNOTS! 

0 

15 

30 

kS 

60 

T5 

90  105 

120 

135 

150 

165 

ISO 

5 

0 

0 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

a 

10 

0 

0 

a 

7 

7 

7 

7 

7 

7 

7 

7 

a 

a 

15 

0 

0 

a 

7 

7 

7 

7 

7 

7 

7 

a 

a 

a 

20 

0 

a 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

a 

25 

0 

a 

a 

a 

7 

7 

7 

3 

3 

3 

3 

3 

3 

LINITIKG  SEAKECPING  FACTORS 


NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  NAVES  NITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 

EXPERIENCE  EMESIS  NITHIN  2 HOURSI 


\ 

i 


k BOTTOM  PLATE  DAMAGE 

5 3 SLAMS  IN  100  MOTION  CYCLES 

6 ONE  DECK  WETNESS  EVERY  TWO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

B 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELO  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 
(3/5  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET I 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

0 

15 

30 

65 

60 

(KNOTS! 

5 

19 

19 

12 

7 

6 

10 

20 

20 

20 

12 

7 

15 

21 

21 

21 

20 

10 

20 

22 

22 

23 

23 

16 

25 

23 

23 

26 

25 

16 

75 

90 

105 

120 

135 

150 

165 

6 

7 

7 

7 

7 

9 

15 

7 

a 

0 

0 

9 

12 

15 

0 

10 

10 

11 

13 

IS 

16 

7 

10 

11 

12 

13 

13 

16 

7 

11 

11 

10 

10 

10 

10 

100 
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LZHITIN6  FACTORS  FF6  7 GENERAL  AND  DONE  EHERCENCE  CRITERIA 

I  1 • 6*  10  I 

7.0  SECOND  NOOAL  HAVE  PERIOD 


SHIP 

SPEED 

IKNOTS) 

• F0LL0HIN6 

• SEA 

• 0 15 

39 

AS  6( 

75 

BEAN 

SEA 

90  10 

120 

135 

150 

165 

HEAD 

SEA 

100 

9 

• 0 0 

1 

1 

1 

3 

3 

3 

0 

10 

10 

10 

• 0 0 

0 

1 

1 

3 

3 

3 

3 

10 

10 

1! 

• 0 0 

0 

0 

1 

3 

3 

3 

3 

10 

10 

20 

• 0 0 

0 

0 

1 

3 

3 

3 

3 

10 

10 

2S 

• 0 0 

0 

0 

1 

3 

3 

3 

3 

10 

10 

LINITIN6  SEAKEEPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  NAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AHPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AHPLITUDE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

C20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EHESIS  HITHIN  2 HOURSI 

A BOTTON  PLATE  OANAGE 

S.  3 SLANS  IN  100  NOTION  CYCLES 

G ONE  DECK  HETNESS  EVERY  TNO  NINUTES 

7 12.0  DEGREE  DOUBLE  ANPLITUOE  SIGNIFICANT  ROLL 

B 6.0  DEGREE  DOUBLE  ANPLITUOE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DONE  EHERCENCE  CRITERION 

13/5  DETECTION  OPPORTUNITIES) 


ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  IFECT) 


SNIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

0 

15 

30 

A5 

60 

(KNOTS) 

5 

32 

32 

26 

17 

lA 

10 

32 

32 

32 

22 

12 

15 

32 

32 

32 

32 

17 

20 

32 

32 

32 

32 

30 

25 

32 

32 

32 

32 

32 

75 

90 

105 

120 

135 

150 

165 

100 

17 

a 

11 

19 

31 

32 

20 

20 

IS 

a 

9 

lA 

21 

20 

11 

15 

IS 

a 

7 

10 

15 

21 

13 

13 

12 

a 

7 

a 

12 

16 

12 

12 

10 

a 

6 

7 

10 

lA 

11 

11 
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LIMITING  FACTORS  FFG  7 GENERAL  AMO  DONE  EMERGENCE  CRITERIA 

( 1 • 6.  10  I 

9.0  SECOND  NODAL  HAVE  PERIOD 


SHIP 

SPEED 

KNOTSI 

• FCLLOHINC 

• SEA 

• 

• 0 19 

30 

69  6 

1 79 

beam 

SEA 

90 

105 

120 

135  19 

0 169 

HEAD 

SEA 

100 

9 

• 2 

0 

1 

1 

1 1 

3 

3 

1 

1 

2 10 

10 

10 

* 0 

0 

0 

1 

1 1 

3 

3 

3 

3 

3 10 

10 

19 

• 0 

0 

0 

0 

1 1 

3 

3 

3 

3 

3 10 

10 

20 

• 0 

0 

0 

0 

L 1 

3 

3 

3 

3 

3 10 

10 

29 

• 0 

0 

0 

0 

) 1 

3 

3 

3 

3 

3 3 

3 

LIMITING  SEAKEEPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EMESIS  HITHIN  2 HOURSI 

A BOTTOM  PLATE  DAMAGE 

S 3 SLAMS  IN  100  NOTION  CYCLES 

0 ONE  DECK  HETNESS  EVERY  THO  MINUTES 

7 12.0  DECREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/9  DETECTION  OPPORTUNITIESI 


ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  (FEETI 


SHIP  HEAOING  ANGLE  IN  DECREES 


SHIP 


SPEED 

(KNOTS) 

0 

19 

30 

69 

60 

9 

29 

32 

26 

19 

12 

10 

32 

32 

32 

29 

13 

19 

32 

32 

32 

32 

19 

20 

32 

32 

32 

32 

30 

29 

32 

32 

32 

32 

32 

79 

90 

105 

120 

139 

190 

169 

100 

13 

11 

12 

10 

22 

27 

20 

20 

16 

11 

10 

16 

19 

26 

15 

19 

19 

11 

9 

11 

13 

16 

13 

13 

16 

11 

0 

0 

10 

11 

12 

12 

13 

11 

7 

7 

0 

9 

10 

10 
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LIMXTXNC  FACTORS  FF6  7 GENERAL  AND  DONE  EHERGENCE  CRITERIA 

( 1 • 6«  10  I 

It.l  SECOND  NODAL  NAVE  PERIOD 


SNIP 

SPEED 

(KNOTS! 

• FOLLONING 

• SEA 

• 

• 0 IS 

30 

AS  6 

7S 

BEAN 

SEA 

90 

109 

120 

13S 

ISO 

ll»9 

• •••  V 

HEAD 

SEA 

100 

5 

• 2 

2 

1 

1 

1 

3 

3 

1 

1 

2 

10 

10 

10 

• 0 

0 

2 

1 

1 

3 

3 

3 

3 

2 

10 

10 

IS 

• 0 

0 

0 

0 

1 

3 

3 

3 

3 

3 

10 

10 

20 

• • 

0 

0 

0 

1 

3 

3 

3 

3 

3 

10 

10 

2S 

• • 

0 

0 

0 

1 

3 

3 

3 

3 

3 

3 

3 

LXNXTXN6  SEAKEEPING  FACTORS 

■ NO  SEAKEEPXN6  THRESHOLD  EXCEEDED  FOR  NAVES  NITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  ANPLITUOE  AVERAGE  PITCN 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  ENESIS  NITHIN  2 HOURSI 

« BOTTON  PLATE  OANAGE 

5 3 SLANS  IN  100  NOTION  CYCLES 

G ONE  DECK  NETNESS  EVERY  TNO  NINUTES 

7 12.0  DEGREE  DOUBLE  ANPLITUOE  SIGNIFICANT  ROLL 

• B.O  DEGREE  DOUBLE  ANPLITUOE  SIGNIFICANT  PITCH 

S 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DONE  EHERGENCE  CRITERION 

(3/S  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGKIFtCANT  NAVE  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

1 

IS 

30 

AS 

00 

(KNOTS! 

S 

30 

30 

29 

17 

lA 

10 

32 

32 

32 

30 

10 

IS 

32 

32 

32 

32 

23 

20 

32 

32 

32 

32 

32 

2S 

32 

32 

32 

32 

32 

7S 

90 

109 

120 

13S 

ISO 

lOS 

ISO 

IS 

lA 

10 

17 

20 

2A 

20 

20 

to 

lA 

13 

17 

22 

23 

19 

IS 

IS 

lA 

11 

12 

lA 

17 

13 

13 

10 

lA 

10 

10 

11 

12 

12 

12 

17 

lA 

9 

0 

0 

9 

9 

9 
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LZNITING  FACTCRS  FFG  7 GENERAL  AND  DONE  ENERCENCE  CRITERIA 

( 1 - 6.  10  I 

13.0  SECOND  NODAL  HAVE  PERIOD 


SHIP 

SPEED 

(KNOTS) 

• FOLLOHZNG 

• SEA 

• 

• 0 19  3 

AS  6 

75 

BEAN 

SEA 

90 

105 

120 

135 

ISO 

165 

NEAD 

SEA 

100 

9 

• 2 

2 

1 

1 

3 

1 

1 

1 

2 

10 

10 

10 

• 2 

2 

0 

1 

3 

3 

3 

2 

2 

10 

10 

IS 

• 0 

0 

a 

1 

3 

3 

3 

3 

3 

10 

10 

20 

• 0 

0 

a 

1 

3 

3 

3 

3 

3 

10 

10 

29 

• 0 

0 

0 

1 

3 

3 

3 

3 

3 

3 

10 

LZNITING  SEAKEEPING  FACTORS 

0 NO  SEAKEEPINC  THRESHOLD  EXCEEDED  FOR  HAVES  HITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  ANPLITUOE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  ANPLITUOE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EHESIS  MITHIN  2 HOURS) 

A BOTTON  PLATE  OANAGE 

5 3 SLAHS  IN  100  NOTION  CYCLES 

6 ONE  DECK  HETNESS  EVERY  THO  HINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

a 6.0  DECREE  DOUBLE  ANPLITUOE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELO  DECK 

10  SONAR  DONE  EMERGENCE  CRITERION 

(3/9  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

0 

IS 

30 

AS 

60 

(KNOTS) 

5 

30 

30 

30 

22 

17 

10 

32 

32 

32 

32 

20 

15 

32 

32 

32 

32 

29 

20 

32 

32 

32 

32 

32 

29 

32 

32 

32 

32 

32 

79  90  105  120  135  190  169  100 

10  10  20  20  22  26  20  20 

20  10  17  23  26  2A  19  19 

23  19  lA  IS  10  20  13  13 

22  19  13  12  13  13  12  12 

22  19  11  10  10  10  10  11 
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LXNXTIN6  FACTORS  FFC  7 


ALL  SEAKEEPIRC  CRXTERXA 
( 1 • 10  ) 

7.1  SECOND  HOOAL  NAVE  PERXOO 


SHXP  * F0LLQNXN6 
SPEED  SEA  • 

(KNOTS!* 

• 0 19  so 


A9  60 


79 


BEAN  HEAD 

SEA  SEA 

90  109  120  139  190  169  ISO 


» 

9 '•  0 

ao  • 0 

« 

19  • 0 

20  • 0 


7 

0 

0 

0 

0 


7 


7 
7 

0 "7 

•.  ^ 

0 7 


29  * 0 

LXHXTXAC  SEAKEEPING  FACTORS 


7 

7 

f 

7 

7 


7 

3 

3 

3 

3 


7 

0 

3 

3 

3 


7 

9 

3 

3 

3 


0 NO  SEAKEEPXNG  THRESHOLD  EXCEEDED  FOR  NAVES  NXTM 
SXGNIiFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  ROLL 

i 3.0  DEGREE  SINGLE  AHPLITUOE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EHESIS  NITHIN  2 HOURSI 

A BOTTON  PLATE  OANAGE 

9 3 SLANS  IN  100  NOTION  CYCLES 

6 • ONE  DECK  HETNESS  EVERY  THO  NINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

B 6.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SI6  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/9  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  IN  DEGREES 


SHIP 


SPEED 

(KNOTS! 

0 

19 

30 

A9 

60 

9 

32 

19 

9 

6 

9 

10 

32 

32 

26 

7 

A 

19 

32 

32 

32 

20 

6 

20 

32 

32 

32 

26 

10 

29 

32 

32 

32 

20 

13 

79 

90 

109 

120 

139 

190 

169 

lao 

6 

0 

9 

11 

19 

2A 

20 

20 

9 

a 

9 

lA 

19 

2A 

19 

19 

9 

0 

7 

10 

19 

21 

13 

IS 

A 

0 

7 

a 

12 

16 

12 

12 

3 

0 

6 

7 

IS 

lA 

11 

it 
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UNITING  FACTORS  FFG  7 ALL  SEAKEEPING  CRITERIA 

I  1 - 10  ) 

9.0  SECOND  HOOAL  NAVE  PERIOD 


SHIP 

• 

FOLLOWING 

SEAN 

HEAD 

• 

SPEED 

SEA 

SEA 

SEA 

(KNOTS!* 

9 

0 

»99 

IS 

30 

999« 

<1$ 

^99994 

60 

75 

^99994 

90 

»99999 

109 

9999 

120 

13S 

ISO 

169 

100 

S 

9 

9 

0 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

0 

9 

10 

9 

0 

0 

7 

7 

7 

7 

7 

7 

7 

7 

0 

10 

10 

1 

19 

9 

0 

0 

0 

7 

7 

7 

7 

3 

3 

3 

0 

10 

10 

9 

20 

9 

0 

0 

0 

7 

7 

7 

7 

3 

3 

3 

3 

10 

10 

9 

2S 

9 

0 

0 

0 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

LINiriNG  SEAKEEPING  FACTORS 

0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  KITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 


3 MOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LA90RAT0RT  SUBJECTS 

EXPERIENCE  EMESIS  HITHIN  2 HOURS!  ^ ! 

9 BOTTOM  PLATE  DAMAGE 

9 3 SLAMS  IN  100  MOTION  CYCLES 

j 

6 ONE  DECK  HETNESS  EVERY  THO  MINUTES  j 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 G.O  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

9 7.0  FT/SEC  SIG  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/S  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET! 


SHIP  HEADING  ANGLE  .IN  DEGREES 


SNIP 


SPEED 

0 

19 

30 

69 

60 

79 

90 

109 

120 

139 

ISO 

169 

100 

* 

(KNOTS! 

S 

10 

16 

0 

9 

6 

6 

6 

6 

6 

7 

10 

17 

10 

10 

29 

29 

22 

0 

6 

9 

7 

7 

9 

11 

16 

IS 

19 

19 

20 

27 

29 

16 

6 

9 

0 

9 

11 

13 

IS 

13 

13 

20 

29 

20 

27 

21 

10 

9 

9 

0 

0 

10 

11 

12 

12 

• 

29 

29 

20 

20 

23 

12 

6 

9 

7 

7 

0 

9 

10 

10 

f 

i 


i 
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LINITIN6  f ACTORS  FF6  7 


ALL  SCAKEEPING  CRITERIA 
I 1 > II  I 

It.O  SECOND  NODAL  NAVE  PERIOD 


SHIP 

SPEED 

KNOTS! 

• FOLLOHING 

• SEA 

• 1 IS 

30 

45 

eo 

BEAN 

SEA 

90 

109 

9999 

120 

135 

150 

169 

HEAD 

SEA 

100 

5 

• B 

0 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

a 

10 

• 0 

0 

a 

7 

7 

7 

7 

7 

7 

7 

7 

a 

a 

IS 

• 0 

0 

0 

7 

7 

7 

7 

7 

7 

7 

0 

10 

10 

20 

• 0 

0 

a 

7 

7 

7 

7 

3 

3 

3 

3 

10 

10 

25 

• a 

a 

a 

7 

7 

7 

7 

3 

3 

3 

3 

3 

3 

LINITINS  SEAKEEPING  FACTORS 


NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  HAVES  NITH 
SIGNIFICANT  HEIGHTS  UP  TO  32.0  FEET 


1 12.0  DEGREE  SINGLE  AHPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AHPLITUDE  AVERAGE  PITCH 

3 NOTION  SICKNESS  INDICATOR 

120  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  ENESIS  HITHIN  2 HOURSI 

A BOTTON  PLATE  0ANA6E 

5 3 SLANS  IN  100  NOTION  CYCLES 

6 ONE  DECK  METNESS  EVERY  THO  NINUTES 

7 12.0  DEGREE  DOUBLE  AHPLITUDE  SIGNIFICANT  ROLL 

0 6.0  DEGREE  DOUBLE  AHPLITUDE  SIGNIFICANT  PITCH 

B 7.0  FT/SEC  SIS  VERTICAL  VELOCITY  AT  THE  HELD  DECK 

10  SONAR  DONE  EHERGENCE  CRITERION 

13/5  DETECTION  OPPORTUNITIES) 

ACCEPTABLE  SIGNIFICANT  HAVE  HEIGHT  CFEETI 

SHIP  HEADING  ANGLE  IN  DEGREES 


f 


SHIP 

SPEED 

1 

15 

31 

AS 

BO 

75 

91 

105 

120 

135 

150 

las 

100 

m 

tKNOTS) 

5 

19 

19 

la 

a 

5 

5 

a 

a 

a 

7 

0 

lA 

la 

10 

21 

20 

20 

10 

5 

5 

7 

7 

0 

9 

12 

15 

is 

15 

22 

22 

21 

10 

0 

a 

0 

10 

11 

13 

lA 

13 

IS 

20 

23 

23 

23 

22 

12 

a 

9 

10 

10 

11 

12 

12 

12 

25 

2A 

23 

2A 

23 

lA 

a 

9 

9 

a 

a 

9 

9 

9 
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LIMITING  FACTORS 

FFG 

7 

ALL 

SEAKEEPING 

CRITERIA 

( 

1 - 

10 

! 

13.0 

SECOND 

NODAL 

HAVE  PERIOD 

SHIP 

• FOLLOWING 

BEAN 

SPEED 

SEA 

SEA 

(KNOTS! 

• 

IS 

30 

kS 

60 

75 

90  lOS 

120 

13S 

150 

S 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

10 

0 

0 

a 

7 

7 

7 

7 

7 

7 

7 

7 

IS 

0 

a 

0 

7 

7 

7 

7 

7 

7 

7 

a 

20 

0 

0 

a 

a 

7 

7 

7 

7 

3 

3 

3 

2S 

0 

0 

a 

a 

7 

7 

7 

3 

3 

3 

3 

UNITING  SEAKEEPING  FACTORS 


0 NO  SEAKEEPING  THRESHOLD  EXCEEDED  FOR  NAVES  KITH 
SIGNIFICANT  HEIGHTS  UP  TO  32. A FEET 

1 12.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  ROLL 

2 3.0  DEGREE  SINGLE  AMPLITUDE  AVERAGE  PITCH 

3 MOTION  SICKNESS  INDICATOR 

(20  PERCENT  OF  LABORATORY  SUBJECTS 
EXPERIENCE  EMESIS  HITHIN  2 HOURS! 

A BOTTOM  PLATE  DAMAGE 

S 3 SLAMS  IN  100  MOTION  CYCLES 

0 ONE  DECK  NETNESS  EVERY  TNO  MINUTES 

7 12.0  DEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  ROLL 

0 6.0  OEGREE  DOUBLE  AMPLITUDE  SIGNIFICANT  PITCH 

0 7.0  FT/SEC  SIC  VERTICAL  VELOCITY  AT  THE  HELO  DECK 

10  SONAR  DOME  EMERGENCE  CRITERION 

(3/S  DETECTION  OPPORTUNITIES! 


ACCEPTABLE  SIGNIFICANT  NAVE  HEIGHT  (FEET! 


SNIP  HEADING  ANGLE  IN  DEGREES 


SHIP 

SPEED 

0 

IS 

30 

6S 

60 

7S 

(KNOTS! 

S 

19 

19 

12 

7 

6 

6 

10 

20 

20 

20 

12 

7 

7 

IS 

21 

21 

21 

20 

10 

0 

20 

22 

22 

23 

23 

16 

7 

2S 

23 

23 

26 

2S 

16 

7 

90  lOS  120  13S  ISO  16S  100 
7 7 7 7 9 IS  16 


0 

0 

a 

9 

12 

10 

10 

11 

13 

IS 

10 

11 

12 

13 

13 

11 

11 

10 

10 

10 

HEAD 

SEA 

160 

>•••• 

0 

6 

10 

10 

10 


( 13  SECWRVE  PERIOD) 


FFG  7 ALL  SFfiKFEPJNG  CRITFRIfl  ( 1 - 10  J (9  SECWftVE  PERIOD) 


PFG  7 ALL  SEfl«EEPI 


APPENDIX  D 

PL0T3D  PROGRAM  LISTING 


PL0T3D 


CNA  PROGRAM  27-73S 


CALL  PLOT3D  (XMIN,XMAX,DX,YMIN,YMAX,DY,ZMIN,ZMAX,DZ, TITLE, NC,F,DABOVEXY, 
DLEFTXY) 


XMIN 

XMAX 

DX 

YMIN 

YMAX 

DY 


= Minimum  value  labelled  on  the  X-axis 
= Maximum  value  labelled  on  the  X-axis 
= Value  between  tic  marks  on  X-axis 
= Minimum  value  labelled  on  the  Y-axis 
= Maximum  value  labelled  on  the  Y-axis 


= Value  between  tic  marks  on  Y-axis.  Because  of  the  Y-axis  scaling  algorithm. 


ZMIN 

ZMAX 

DZ 

TITLE 

NC 


DABOVEXY 
DLEFTXY 
The  suggested 


the  values  at  the  tic  marks  will  be  “reasonable”  only  if  MOD  (YMAX- 
YMIN),  50)  = 0. 

= Minimum  value  labelled  on  the  Z-axis 
= Maximum  value  labelled  on  the  Z-axis 
= Value  between  tic  marks  on  Z-axis 
= Name  of  array  of  BCD  words  to  be  used  as  graph  title. 

= Number  of  characters  in  TITLE.  If  NC  = 0,  no  graph  title  will  be  plotted. 
If  NC  = 1 , the  X,  Y,  Z-axes  will  not  be  drawn  or  labelled.  (NC  < 88) 

= The  name  of  a continuous  function  in  the  form:  Z = F(X,Y) 

The  calling  program  must  use; 

EXTERNAL  F 

if  the  function  is  not  a statement  function. 

= Degrees  above  the  XY  plane  for  the  viewing  eye.  -90.<DABOVEXY<90. 

= Degrees  to  the  left  of  the  XY  plane  for  the  viewing  eye.  0.<DLEFTXY<90. 
viewing  angle  is: 


DABOVEXY  = 60.0 
DLEFTXY  = 30.0 
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t; 


( 


I 


f 

i' 

f 


SUa»OUTINg  PLOT30  (KKIN«XNAX,OX, YNINtTNAX ,0Y« ZHIN« ZMX.OZt TltNCtFt 

• ’■  OABOVEXYtOLEFTXY) 

OIHENSION  XIZS0)tY(Z50ttXG(1000)«GC1000)tXH(1000).H(1000lt  j 

• XCKlOOOItGKlOOOItTKU  j 

CALL  NEM  PLOT 

ZZaBO.'OABOVeXV  j 

ZLNTH*IZZ«Bt/BQ. 

ZZNTH>ZLNTM  t IF  (ABSF(ZLNTH). GT.BI  ZZNTH-ABSF IZLNTHI'B.  < 

IF  (OLEFTXY.lt. 90»  XLNTH-TANF(OLEFTXY*.01Z453Z9Z$I«ABSF(6.-ZZNTNI 
IF  (OLEFTXY.6E.90I  XLNTH>9 

XLNTM-9-XLHTM  ( 

N6>0  t NGl«-3  j 

N«Z90  $ Nla-N 

C NFNSaSO  % MAXOIBalOOB 

NFNSaSt  S NAXOIB«1000 

CNaNC  S XLNTHaSIGNF(XLNTH.CN)  $ ZLNTHaSIGNF (ZLNTH.CNI 

0ELTAX«(XHAX-XNIN)/ABSF(XLNTH1 

OELTAZ>(ZNAX*ZHINI/ABSF(ZZNTHI 

C V0Xs(XHAX-XNIN)/Z50.  t VOV«(YNAX>VHIN)/BO.  t I0Ys0Y/V0Y».999 

VCX3(XHAX-XNIN)/Z50.  S V0Ys(YNAX>VHINI/(NFNS-1) 

00  500  I«l.iOOO 

500  X6(I>a6(I)«XH(I)«H(I)aK61(II>61(I)>0 

VaXHIN  0 LX>N  0 00  10  I«ltLX  S X(I)«V 

10  VaV^VOX  S LYaNFNS  S V«YHIN  $ 00  3 lal.LY  S t VaV»VOY 

00  12  Jal.LX  j 

Y(J)aF(X(J)»YYI 

12  CONTINUE  j 

CALL  HI0E(X«Y.X6«6tXH,H*NG.NAX0IN,N.NFNS.TI,XLNTH.ZLNTH.XNINt 
C * OELTAX.ZHIN.OELTAZ.l.XNIN.XHAX.OX. YNIN.YHAX.VOY.IOY.ZNIN*  < 

• OELTAX.ZHIN.OELTAZ.l.XHIN.XHAX.OX.YHIN.YNAX.VOY.  OYtZNZN. 

• ZHAX.OZ.NCI 

CALL  HIDE  (XtY.XGltGl.XH.H.NGl.NAXOIN.Nl.O.GHNOTTLE.XLNTH.ZLNTHt 
C • XNIN.OELTAX.ZHIN.OELTAZ.O.XNIN.XNAX, OX, YNIN.YHAX.VOY.IOY.ZNIN. 

a XHIN.OELTAX.ZMIN.OELTAZ.O.XHIN.XHAX.OX.YNIN.YHAX.VOY.  OY.ZNIN. 

a ZNAX.OZ.NCI 

3 CONTINUE  S CALL  PLOT  OFF  ( ABSF (ZLNTHI I $ END 


i 


w 


pr 

N 


SUBROUTINE  HIDE  (X, V.XG»G«XH,H.NG.NAX01H.Nl,NENStTITLE*XLNTHt 

• yVYVLNTH,XHIN,OELTAX,yMIN,OEUT*r,ITOPBOT,XXHIM,XXHAX, 

C • xox.yypiN.yyHAx.yoy.iyoyfZZHiN.zzHAx.zoZtNCTXTLEi 

♦ xox,yyHiN,yyMAx,yoy,  oytZZHiN,zzHAx.zoz»NCTlTLEi 
DATA  (EPS1>. 00000 00001) «<N0TTLEa6HN0TTLEt 

OIHENSION  X(ll,y<ll,XG(l) ,GI1).H(1),XH(1).TITLEI1) 

INTEGER  TITLE 

EQUIVALENCE  (Kl, IHHICH) « (K2. SLOPE) , (PNSNl ,Z1) . (IGGPl.Kl) . (K1.N2) 
F(XX,XI,YI,XIP1,YIP1)>YI«(XX-XI) •< YIPl-YI )/ (XIPl'XI) 

TLNTHsyyyyLNTH 

IF  (ABSF(YYYYLNTH).GT.6)  YLNTHsSICNF I A3SF (yyYYLNTH)>6. « YYYVLNTH) 

IF  (HAXOIN.LE.O)  RETURN 
00  71  I>2.N1 

IF  (X(I«1).LT.X(I))  GO  TO  71 
HAXOIM*0  S GO  TO  75 
71  CONTINUE 
IFPLOT-1 

IF  (Nl.GT.O)  GO  TO  7B 

Nla-Nl 

IFPLOT»0 

76  IF(NG.CT.O)  GO  TO  5000 

IFIN1»A.LE.NAX0IN)  GO  TO  76 
NAXOIH  s -NAXOIN 

75  RETURN 

76  SIGN  > 1. 

IF(NG.LT.-l)  SIGN  > -1. 

IF(NFNS.LE.O)  GO  TO  66 
FNSHl  * NFNS*1 

OXIN  « C9.-A8S(XLNTH))«0ELTAX/FNSH1 
OYIN  X l6.-ABSIYLNTH))»0ELTAy/FNSHl 
IF  (ABSF(YYYYLNTH).GT.6)  OYINa-OYIM 
66  IF(NG.E0.>1.0R.NG.EQ.-3)  GO  TO  61 
CALL  PL0TZ8Z6  (11. ,0.. 2) 

CALL  PL0TZ0Z6  (ll.*S.5«l) 

CALL  PL0TZ8Z6  (0.. 0.5.1) 

CALL  PL0TZ0Z6  (0..0..1) 

IF  (ABSF(YYYYLNTH) .LE.6)  CALL  PL0TZ8Z6  (1.. 2. 0.-3) 

IF  (ABSF(YYYYLNTH).GT.6)  CALL  PL0TZ8Z6  (1.. 5. 0,-3) 

61  IFCTITLEID.NE.NOTTLE.ANO.NCTITLE.GT.O)  CALL  PSYHB  (-.20,-1. « .16, 
•TITLE, 0..NCTITLE) 

IF  (XLNTH.lt. 0.)  GO  TO  62 
IF  (ITOPBOT.NE.l)  CO  TO  62 
IF  (XLNTH.EQ.O.)  GO  TO  6060 

CALL  PAXIS  (9.-XLNTH,0.,XLNTH,00.,XXNIN,XXNAX,XOX) 

6060  IF(YLNTH.LT.O.)  GO  TO  63 

IF  (ITOPBOT.NE.l)  GO  TO  63 

IF  (XLNTH.EO.5.0.ANO.VLNTH.EQ.6.0)  GO  TO  62 
IF  (XLNTH.EO.O.OR.YLNTH.EO.O)  GO  TO  62 
C CALL  PAXISY  (9.-XLNTH,0..0.,6.-YYYYLNTH,NFNS.YVHIN,YOY,IYOY) 

CALL  PAXISY  (9.-XLNTH,0.,0.,6.-YYYYLNTH,NFNS,YYHIN,YOY,  OYI 

62  IF(YLNTM.LT.0.I  CO  TO  63 

IF  (ITOPBOT.NE.l)  60  TO  63 
IF  (YLNTH.EO.O.)  GO  TO  63 

CALL  PAXIS  (0.,6.-YYVYLNTH,YLNTH,90.,ZZNIN,ZZNAX,ZOZI 

63  INOEXT«3 
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00  3 J « 1«N1 
XG(INOEXT)  ■ XtJI 
GIINOEXT)  * SIGN*Y(J) 

3 XNOeXT  « IN0EXT»1 

EPS  « EPSl«(ABSCXHIN)tA8S(0ELTAX)) 

NG  > Nt«(i 

XG(1)  > •FNSNl«0XIN»XMIN-AaS(XHIN>-ABS(XG(3n*l* 
XGCZt  > XG(3I-EPS 
XG(N1«3I  > X6(N1«2I«EPS 
ZZ*YNIN 

IFISIGN.LT.Q.)  ZZ  = .VHIN>SO.*OELTAY 
G(t)sG(Z)3G(Nl4^3l-G(N6)aZZ 
XSTART  3 XHIN-(9.-ABS(XLNTH))*0ELTAX 
IFUFPLCT.EQ.ll  CALL  POATA  (X,  Y.Nl 1 0,  l.XSTARTt OELTAX* 
1 VHlN*OELYAY,.07,l«ITOPBOT«ABSF(yVYVLNTHtl 

OXKK>OYKKsO 

RELINC  > OELTAX/OELTAY 
X6(NGI  > SIGN 
RETURN 

5000  SIGN«XG(NG)  $ XG(NG)>XIN1I 
IF(NFNS)  52*4S*%9 
49  OXKK  > 0XKK*^0XIN 
OVKK  « OYKK»OV|N 
40  00  4 J « l»Nt 

YJJI  » SIGN*  (Y(J)*OYKK) 

4 XIJ>  « XU)-OXKX 

52  CALL  LOOKUP  (X (1 ) ,XG II ) « JJ> 

IFIJJ.GE.HAXOINI  GO  TO  700 
00  31  t«JJ 
XHU)  > XGIJl 

31  HIJ)  « GIJ> 

IG  > JJ*1 
XHtIG)  « xin 

HIIGI  « F(Xlll«XG(JJI«GIJJt«XG(IG).G(IGH 
INDEXG  > JJ 
ZKOEXT  « 1 
Z1  XII) 

FI  * HIX6)-YI1) 

XT  « 2 
JJ  > XG 

XFINIXGI.GE.VII) > GO  TO  32 
XFIJJ.6E.HAX0XN)  GO  TO  700 
JJ  « X6*l 
HIJJ)  > YU) 

XHIJJ)  > Z1*EPS 

32  LAST  > • 

XI  s Z1 

1100  XFIXGIXG) .LT.XIXT))  GO  TO  1001 
XMHXCH  > 0 
X2  * XIXT) 

F2  « FIX2«X6IXG-ll.6IXG>l)tXGIXG)tGIX6))-YIXr) 

XT  » XT*1 
GO  TO  1002 
1001  X2  » XGIXG) 

INHXCH  > 1 
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F2  = GIIG)-F(X2,X(IT-l)«YaT-llf  XaTItVIITIt 
IG  X IG*1 

1002  IF(F1«F2.GT.0.)  GO  TO  lOOS 
SLOPE  * «F2-F1)/<X2-X1» 

IGG  = IG-i-I WHICH 
ITT  =1T-2*IHHICH 

IF(ABS<SLCPE«RELINC).6T.l.E-6)  GO  TO  1007 
22  = X2 
GO  TO  1006 

1007  22  = Xl-Fl/SLOPE 
GO  TO  1006 

1006  XI  3 X2 
FI  = F2 

IFdT.LE.NlI  GO  TO  1100 

1008  LAST  s 1 
22  = XI61) 

CALL  LOOKUP(22.XG(INOEXG)«IGG) 

IGG  = INOEXG»IGG*l 
ITT  = Nl-1 

1006  22  = .99*21». 01*22 

CALL  L0CKUPI22tX(IN0EXTI«Kl) 

CALL  LOOKUP(22tXG<INOEXG>«K2l 
K1  = Kl+IKOEXT-1 
K2  = K2*IN0EXG-1 

IF(F(22.X(Kl),y(Kli.X(Kl*ll«Y(Kl*in.CT. 

1 F(22,XG(K2t«G(K2l,XGIK2*l».G(K2*ini  GO  TO  7 
IF(JJ4^IGG-INCEXG.GE.HAX0IH)  go  to  700 
IFCINOEXG.EQ.IGG)  GO  TO  712 
J1  = INOEXG*! 

00  12  I * Jl.IGG 
JJ  > JJ*1 
XHIJJ)  = XG(I) 

12  HIJJ)  > G(I) 

712  JJ  = JJ*1 
XHIJJI  = 22 

HIJJ)  = Ft22tXG(IGG)tG(IGGI.XG(IGG»l)tG(IG6*ll) 

INOEXG  « IGG 
INOEXT  * ITT 
GO  TO  60 

7 NGRAPH  = ITT-IN0EXT*2 

IF  (JJ^NGRAPH-l.GT.HAXOIH)  GO  TO  700 
N2  = JJ 

1F(NGRAPH.EQ.2>  GO  TO  9 
J1  3 INOEXT»l 
00  11  I = JltlTT 
JJ  = JJ*1 
XH(JJ)  = XIII 
11  HIJJ)  » YII) 

9 JJ  3 JJ*1 
XHIJJ)  < 22 

HIJJ)  » FI22,XIITT).YIITT),XIITT*1),YIITT*1)) 

IFIIFPLOT.EO.I)  CALL  PO AT  A I XH IN2 ) « HIN2) , NGRAPH, 0. 1 . 
1XSTART,OELTAX,SIGN*YHIN,SICN*OELTAY,.07,N2,ITOPBOT,ABSF|YYYYLNTH)I 
INOEXT  » ITT 
INOEXG  s IGG 
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AO-A045  MS 


UNCLASSIFIED 


CENTER  FOR  NAVAL  ANALYSES  ARLINGTON  VA  SYSTEMS  EVALUA— ETC  F/6  13/10 
A METHODOLOGY  FOR  QUANTIFYING  THE  OPERATIONAL  EFFECTS  OF  SHIP  S — ETC(U) 
FEB  77  S R OLSON  N00014-76-C-0001 


CRC-333 


NL 


END 


1-77 


»•  XFILAST.CQ.n  GO  TO  Gt 
XI  - xt 
Fi  ■ F« 

Z1  a Zt 

ZF(XT.LE.Nt)  GO  TO  IIM 
60  TO  1IG8 

«1  XF(X6(MGI.LE.XGtNG-in  N6  ■ NG-t 
XFIXGlNGI.LE.XINin  CO  TO  31 
XFfJJ»3«N6-Z66.CT*HAX0XHI  GO  TO  FOG 
XHUJ«1I  a XMtJJI«EFS 
JJ  a JJ»t 

N(JJI  a F(X(Nll,X6a66lt6IXGGi,X6fX66«tlt6fXGC»t}l 
XGGPt  a X66«t 
00  3A  J a XGGM.NG 
JJ  a 

XMIJJI  a X6(JI 
3%  HIJJI  a 6«JI 
33  NG  a 

ZFCNG.GT.NAXOXN)  GO  TO  7tO 

00  13  X a l.JJ 

6(X)  aHtXt 
13  X61XI  a XHIXI 

X6(JJ«1>  a XGUJl^EPS 
6IJJ»1I  a YHXNOYKK 

XF (SXGN.lt. 0.1  6(JJ*1)  a -YNXN-50.*0ELTAV»0YKK 
GIN6I  a 6(JJ»1) 

60  IFINFNS.LT.OI  GO  TO  S3 
00  82  X a 1,  N1 
XIX>  a XtX)»DX«K 
82  Y(XI  a SXGN«Y(X)-OYKK 
S3  XGCNGI  a SXGN 
RETURN 

708  NAXOXN  a -NAXOXN 
60  TO  66 
ENO 


m 


I>6 


Ik 


lUaWOUTIWg  LOOKUPtK.¥TBL.J> 
OlHENStON  xIAluI 
J ■ 2 

k XF(XT0LCJ}*X)  1»2,3 

1 J a J«t 
60  TO  k 

2 RETURN 

3 J a J-1 
ENO 


SUBROUJ^NE^P^AT>tlX.Y«N.J.L.XHIN.DX«VHIM.Oy.MT.ISA.lTOROOT.TTVLIITI 

IF  (YVyLNT.CT.OI  90»9t 

91  VVNRXae.S  $ YYNINa>2.  t 60  TO  92 
90  YYM«Xa3.S  9 YYHZNa»9. 

92  XXNAXalO.  S XXMIN«-1.  S XSCALERaYSCALERat, 

NPaO  $ IN0a3  S 00  1 Ial,N 

Zla(Y(n-YMIN)/OY«YSCALER 

XlalXIXI-XHINI/OXaXSCALER 

IF  (Zl.LT.YYHIN.OR.Zl.GT.YYNAX.OR.Xt.LT.XXNXN.OR.Xl.CT.XXNAXt  2«3 

2 INOaZ  t IF  (NP-5)  13*12tl 

12  PRIKT  60  $ CO  TO  16 

60  FORPATI«OAFTER  9 POINTS  OUT  OF  RANCEt  PRINTING  IS  OISCONTINUEO.*! 

13  IF  (NP.EQ.OI  PRINT  26 
26  FORMAT («0  »l 

PRINT  25«X(I) tY( I) tXNINtYMIN.OX.OV 
25  FORMAT C*  POINT  OUT  OF  RANGE  X a»,C10.2«a  V a«,Ell.2» 

*•  XNIN  a«,Cl0.2,»  YHIN  aa,eiO.Z,»  OX  a»,E10.Zf*  OY  aa.Ctf.C 

•» 

16  NPaNP^l 

IF  (Zl.LT.YYHINt  ZlaYYHIN  t IF  IZl.GT.YYNAXI  Z1«YYHAX 
IF  (Xl.LT.KXMINI  X1«XXHZN  S IF  I Xl.GT.XXNAXI  XlaXXNAX 

3 CALL  PL0TZ0Z6  IXltZltlNOI  S IN0*2 
1 CONTINUE  S ENO 


SU6P0UTTME  P5YM8  (XtY«MT«Tf TH,NI 
CALL  SVmSSl  iX,Y,MT.T,TN,N» 
ENO 


D-7 


OCON«.017iiS329252 

XI«S1NFITHET«*0CCN)  S VX^COSFITHETA^OCON) 

XXaX  t VV>Y  $ V«FNZN  S XIN«S/CIFHAX-FHIN)/OF) 

IS  « IFHAX-FNINI/OF^l  t ISM«1 

CALL  PLOTZaZA  fX«V«3l  S CALL  PL0TZ5Z9  (X.Y.2)  S 00  1 I«ltZS 
3 CALL  PLOTZaZA  (XX*YYt2) 

CALL  PLOTZaZA  fXX-.10*XI, YY-. 10*YI*1I  t CALL  TICVAL  (VtlStNI 
CALL  SYPeCL  (XX>IN/30.l*YI-(N/l$.^.2SI*XI,YY-.3*YZt*0Stiata*»NI 
CALL  PLOTZaZA  IXX,YYt3»  S V*V«OF  S XXsXX«YI*XZN 
YYsYY«XI«XIN  S GO  TO  (IfZItISM 

1 CONTINUE  S IF  (V-OF .CE.FHAX)  60  TO  2 

IF  (XX.GT.X»Si  XX«X»S  S V«FNAX 

IF  lYY.GT.Y^S)  TY*Y»S  S ISH*2  S GO  TO  3 

2 CALL  PLOTZaZA  (0..0.t3l  S ENO 


'?)  ! 

SUBROUTINE  PLOT  OFF  IZ»  1 
IF  (Z.LE.6) CALL  PLOTZaZA  l-l««-2.t-3)  1 
IF  (Z.6T.6I  CALL  PLOTZAZA  (-I.t-S.f3)  I 
CALL  PLOrzaZA  (OtOtO)  I 
ENO  • 


SUBROUTINE  NEW  PLOT 
DIMENSION  ISEQI2) 

DATA  (ISEOsaw  SEO  NO  >t(IENTRY*l) 

IF  (lENTRY)  CALL  SEOPL  (ISEQ(2))  $ IENTRY>0 

CALL  SKPFRN 

CALL  SYMBOL  ( .25*0.5* . ItlSEQ* a. t 12) 

CALL  PLOTZaZA  (a.*a.*3) 

ENO 


SUBROUTINE  TIC  VAL  (XtXBCOtNC)  S OIHENSION  IBC0I2) 

IBC0Ul«lH  I lif*500  S CALL  GAMCOOE  (X*IBC0*IE*NC) 

IF  ( IE. EQ.O) RETURN  $ EE«IE  S IEE>500  S CALL  GANCOOE(EE*IT*IEE*NCN) 
CALL  N0VE(1HE*1*IBC0*NC*1*1)  S CALL  NOYE (IT*1.IBC0*NC»2*NCH) 
NC«NC^NCH»1  $ ENO 
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SUBHOUTIWg  P<XlSYIXl.Yl.«g.V2.M.rMlM.0r.D0YI 
C SUBROUTINE  P«XISYCXl«Yl,X2tY2«Nt FMINtOFtXNCI 
DIMENSION  IBIS) 

OIST  ■ S0RTr«IKE-Kl»**8*<YI-Yll**ei  S COM 
C OCLTMOISr/fN'i.lMNC 

OELT«>OIST»OOY/(  (N-IIMEI 

SLOPE>tY2*Ytt/(X2-Xl|  t IF  IX2*EO.Xll  SLOFCalCSM 
XXaXl  t YY>Y1  t V-FNIN 

CBU.  FLOTZ62«  fX««YY,3»  S CALL  FLOTZaZN  (XX«YY*2» 

3 X>XX>SORTFI. Il/I f-l/SLOFC) ••2F1) ) 

Y«YY*l-l/SLOFEI*IX-XXI 

CALL  FL0TZ8ZA  (X.Ytl)  S CALL  TICVAL  CVtIB«NN> 

CALL  SYMBOL  tX«(NN/lS.».a«l«Y-.|«..|«tIBtB.tNNI 
CALL  FLOTZaZA  IXXtTY,3l 
C V«V«OF«INC  S IF  (CO.CC.OIST)  60  TO  t 

v>v*ooY  s IF  (co.ce.oisn  eo  to  i 

COMO»OELTA  S IF  IC0.6T.0ISTI  CO>OZST 
IF  (CO.eO.OIST)  y«FNZN»OF*IN-ll 
CALL  PLCTZaZA  IXXtYV,2l 
XXaXi'SORTF  ICO«*2/(SLOFE»«2»in 

YY«Yt»SLOPE*(XX«Xtl  S CALL  PLOTZSZA(XX«YT*lt  I 60  TO  3 
t CALL  PLOTZaZA  (B.*a.,31  S END 


